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PROSTHETIC DENTISTRY. 


CHAPTER I. 


THE HUMAN DENTAL MECHANISM; ITS STRUCTURE, 
FUNCTIONS, AND RELATIONS. 


By CHARLES R. TURNER, D.DS8., M.D. 


THE oral cavity is situated at the beginning of the alimentary canal; 
it serves for the intake of food, and is provided with the means of its 
preparation for the subsequent stages of digestion and for assimilation. 
In the production of articulate speech, it serves as a resonating chamber 
for the vowel tones, and by alterations in its shape, through the action of 
the muscles of the tongue, lips, cheeks, and palate, it determines the 
character of the consonant sounds. The face is the principal seat of the 
expression of emotions in man, and as the mouth is one of its most 
mobile features, it participates prominently in the performance of this 
function. The loss of the teeth and the changes in the surrounding 
tissues which result therefrom are followed by an interference with the 
functions above enumerated, and by alterations of facial contour 
which greatly affect the personal appearance of their losers. As it is 
the purpose of dental prosthesis to prevent or remedy these changes, 
as far as possible, by the substitution of artificial apparatus for the 
lost tissues, a knowledge of the normal operation of the several func- 
tions thus affected is of fundamental importance to the study of the 
subject. This chapter aims, therefore, to treat of the functions of the 
dental mechanism from this point of view. It will discuss the manner 
in which they are affected by the loss of the teeth, so that the problems 
arising in tooth replacement may be solved the more satisfactorily. 

The most important function of the mouth, from the standpoint of 
the body economy, is the preparation of food for the subsequent stages 
of digestion. Food stuffs of various degrees of physical consistence 
are introduced into the cavity, their solid portions are cut, crushed 
or ground, mixed with the saliva, and are then carried into the stomach. 
As this is largely a mechanical process, we shall first take an analytical 
view of the mechanism by which it is accomplished. 


THE HUMAN DENTAL MECHANISM. 


Architecturally considered, the masticating mechanism consists of a 
fixed base, the upper jaw, supporting the upper teeth, against which is 
2 ; (17) 
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operated a movable arm, the lower jaw, also equipped with teeth so 
placed as to oppose those of the upper jaw. The teeth serve as the 
armament of the apparatus, affording hard surfaces between which the 
food is crushed. Muscles extending between the fixed and movable 
elements of the apparatus, and so disposed as to be capable of exerting 
great pressure in approximating them, furnish the active forces of the 
mechanism; while the walls of the oral cavity, which contain the 
crushing apparatus, serve to confine the food, and the lips and cheeks 
‘and the tongue further assist the process by keeping the food between 
the crushing surfaces. 


Fig. 1.—Architectural construction of skeletal portion of masticating apparatus: 
The fixed base and movable arm; columns, arches and buttresses of the fixed base; 
fronto-nasal column, A B; zygomatic column, C M D; pterygoid column (only partly 
visible), supra-orbital arch, B F D; infra-orbital arch, BJD; upper nasal half arch, 
BG; palatal arch (not shown); lower nasal arch, A H; large molar arch, A C; molar 
buttresses (descending from M); pterygoid arches (not shown) ; columns and arches of 
the movable arm; mental column, N K; coronoid column, P Q O; condyloid column, 
J L; external oblique column, Q N. (From a photograph of specimen No. 4237, Wistar 
Institute of Anatomy.) 


\ 


The Fixed Base.—The axial skeleton of the body consists of the ver- 
tebral column, the skeletal basis of the trunk, which supports upon its 
upper extremity, the skull. The cranial portion of the skull receives 
direct support at the atlo-occipital articulation, the facial portion being 
in turn suspended from the anterior surface of the cranium. The 
superior maxillee, united in the median line and lodging the upper 
teeth, are supported upon the cranium through articulations by the 
frontal, lachrymal, ethmoid, palate, vomer, and malar bones, and 
constitute the fixed base of the masticating mechanism. 


a ee ee 


a 


~~ eg gens 5 rt 


THE MOVABLE ARM ore 


The arch-shaped alveolar process (Fig. 1), containing the teeth which 
receive the impact. of mastication, is supported upon the cranium by 
three pairs of columns or buttresses, reinforced by several secondary 
arches and braces (Burchard). The columns are the fronto-nasal, 
ascending from the position of the canine tooth to the inner margin of 
the orbit, and reaching the frontal bone; the zygomatic, extending from 
the position of the first molar tooth through the outer margin of the 
orbit; and the pterygoid, ascending from the molar region upward and 
backward to the sphenoid. These columns are strengthened by braces 
as follows: The supra-orbital arch, the infra-orbital arch, the upper nasal 
half arches, the palatal arch, the lower nasal half arches, the large 
molar arch, the molar buttresses, and the pterygoid arches. It will 
be noted that the articulations of the maxilla, notably those with the 
malar bones, are disposed to resist stress operating from below. This 
fixed base is admirably constructed to receive, resist and dissipate 
force received from below so that the brain and delicate sense organs 
contained in the face will not be unduly shocked during mastication, 
and is “erected to endure the shock of impact from all sorts of biting, 
2.é., cutting, tearing, crushing, triturating with longitudinal and 
transverse motions, and to resist and stand firm during all the varieties 
of movements incident to mastication.” 

The Movable Arm.—The lower jaw consists of an arch-shaped 
horizontal portion, the body, which supports the lower teeth by means 
of its alveolar process, and terminates posteriorly in two vertical 
branches, the rami, by which it articulates with the cranium. The 
muscular apparatus by which the mandible is raised is attached in 
part to the cranium and in part to the strong zygomatic arch, and is 
not concentrated upon one point on the mandible, but its attachment 
thereto is distributed over an area between the condyle and the 
middle third of the body of the mandible. The resultant line of its 
action when the teeth are in contact passes slightly behind the coronoid 
process of the mandible and approximately through its anatomical 
angle (Fig. 2, M@). The mandible is bent at this point so that the 
general plane of the teeth when in occlusion is perpendicular to the 
line of action of the levators. By this arrangement the teeth may best 
oppose the action of the levators, since they resist force best which acts 
at a right angle with the general plane of their occlusal surfaces. The 
resistance offered by the food between the teeth varies for any given 
food with its position on the teeth. For a food of given resistance the 
farther back in the mouth it is placed, the less will be the muscular 
force necessary to overcome the resistance. 

The point of the origin and insertion of the muscles is fixed, but as 
the position of the fulcrum changes in its relation to the former of these 
during the movements of the jaw, the length of the power-arm of the 
lever is affected, and the resistance which may be overcome by the 
muscles varies in accordance therewith. ‘The more nearly the jaws 
are together, the longer is the power-arm, and hence it will be found 
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that: the more nearly they are approximated, the greater will be the 
power which the muscles may exert. From these several facts it will 
be seen that the lever is of the type best suited to the lifting of a heavy 
weight slowly through a short distance. 

To resist the stress put upon it in these operations the mandible 1s 
well designed structurally (Fig. 1). It may be considered as composed 
of several pairs of bony columns. The vertical columns are the 
mental column, extending perpendicularly upward from the lower 
margin of the body to the position of the canine tooth, the coronoid, 
ending in the coronoid process, and the condyloid parallel to it and 
ending in the condyle. These are bound together by the long body 
columns of the external and internal oblique lines. Cryer! has pointed 


M 


a waa 
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Fic. 2.—Diagram illustrating line of action of levators of lower jaw. 


out the architectural strength of the body of the bone, the cortical 
U-shaped portion of the exterior being bound together by the internal 
cancellated tissue. 

The fulcrum of the lever rests upon the base of the skull where the 
bone is thick and dense and well designed to resist the force put upon 


it, and the joint itself is provided with intervening soft tissues as a_ 


means of lessening the shock of activity. 

The Temporo-mandibular Articulation.—This joint is a condylarthrosis, 
the structures taking part in it being the glenoid fossa of the temporal 
bone and the condyle of the lower jaw, together with the proper and 


1 Internal Anatomy of the Face. 
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accessory ligaments, and the tissues interposed between the bones. 
It permits both a sliding of the condyle over the surface of the fossa, 
and a rotation of the mandible about an axis passing through the two 
condyles. 

The Glenoid Fossa.—This is an oblong cavity (Fig. 3) on the under 
surface of the squamous portion of the temporal bone, its concavity 
being directed downward. It is bounded anteriorly, by the eminentia 
articularis (the anterior root of the zygoma), externally, by the middle 
root of the zygoma and the auditory process, and posteriorly, by the 
tympanic plate of the petrous portion of this bone. The Glaserian 
fissure which runs across the cavity divides it into two unequal portions, 
the posterior third being rough and lodging a portion of the parotid 
gland, the anterior two-thirds being smooth and covered in the recent 
state with a dense fibrous tissue and receiving the condyle of the lower 


Fia. 3.—Left glenoid fosse of four skulls, showing differences in form. 


jaw. Of the articular portion of the fossa the distal part is the most 
concave and is also the most elevated. From this point it slopes 
downward and forward to the crest of the eminentia articularis, furnish- 
ing a surface over which the condyle glides in the forward excursions 
of the mandible. The shape of the cavity varies with different nation- 
alities, with different individuals, at different ages in a given individual, 
and sometimes on both sides of the same individual. The principal 
variations are: (1) In size and general concavity, in correspondence 
with the shape of the condyle; (2) in extent of surface from the most 
concave portion to the eminentia articularis; (3) in Its inclination. 
The outlines in Fig. 4 show the curve of this cavity obtained from 
skulls after the method of Tomes and Dolamore. ‘The fossa becomes 
flattened in old age by the partial disappearance of the eminentia 
articularis, or it may be changed by the pull of the muscles upon the 
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mandible in their effort to bring into occlusion teeth in the opposing 
jaws that may be widely separated in location. 

The condyle of the lower jaw (Fig. 5), is the upper extremity of the 
ramus which fits into the glenoid fossa. It consists of the neck by 
which it is joined to the ramus, and the head which is ovoid and 
oblong in shape corresponding to the fossa into which it fits. Its 
long axis is transverse, and if extended would meet that of the other 
condyle approximately in front of the foramen magnum, while its short 
axis prolonged would meet that of its fellow approximately at the 
symphysis menti. It is convex from before backward and trom side to 
side. The articular surface extends toa lower level posteriorly than 
anteriorly to permit rotation of the jaw about the condyles. The artic- 
ular surface of the condyle may be said to present two faces, an upper 


Fic. 4.—Outlines of glenoid fossee obtained by the method of Tomes and Dolamore. 
The heavy base line is parallel to a line drawn from the anterior nasal spine to the floor 
of the external auditory meatus. All the fossze outlined were on the left side of the 
skull. A, from skulls with typical dentures; B and C; from skulls with several teeth 
missing; D and #, from edentulous skulls. 


or anterior and a lower or posterior, the division between them not 
being distinctly marked. It is covered with a thin covering of fibrous 
tissue which serves to even up its surface without altering its shape. 

There is a definite relation between the shape of these parts and the 
movement of which the lower jaw is capable The shape of the condyle 
and the fossa, which more or less accurately correspond in size, differs 
greatly in different individuals. A long narrow condyle (Pip 
is received into a groove-like fossa, and permits more easily the up and 
down motion of the jaw, in which the joint acts largely as a hinge. 

A flattened condyle is received into a shallow flattened fossa (Fig. 
5, A) and readily permits the lateral excursions of the mandible. 
Intermediate forms are shown in B and C, Fig. 5., and all these are 
normal variations in the shape of the condyle. 
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Interposed between the head of the condyle and the fossa and 
separated from each by a synovial sac is found the interarticular 


A B Cc D 
Fre. 5.—Left condyles of four mandibles, showing normal variations in form. 


Fia. 6.—Photomicrograph of section of adult mandibular articulation. (Prentiss.) 


fibro-cartilage or meniscus (Fig. 6). This is a disk-like cartilage, ovoid 
in shape, its upper surface concavo-convex from before backward to 
correspond to the shape of the fossa. It is concave in front where 
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it comes in contact with the eminentia articularis, and convex poster- 
iorly where it fits into the concavity of the fossa. On its lower surface 
it is concave. The posterior border is nearly twice as thick as the 
anterior, while the external border is thicker than the internal. Inthe 
normal resting bite the cartilage covers only the upper anterior portion 
and the top of the condyle which it surmounts, while the posterior 
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Fig. 7.—Ligaments of temporo-mandibular joint (external view). A, capsular; B, 
external lateral; C, stylo-maxillary. (Deaver.) 


aspect of the articular surface of the condyle is not in contact with it, 
but with the posterior part of the capsule. In the forward and lateral 
excursions of the mandible, the cartilage and condyle leave the distal 
part of the fossa together, or in rare cases the condyle goes forward 
over the surface of the cartilage. The meniscus is attached to the 
condyle most intimately internally and externally, which causes the 
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cartilage and condyle to go forward together and yet does not prevent 
a rotation of the jaw about the condyles. The contraction of the 
external pterygoid muscle, which is attached to the anterior edge of 
the cartilage, as well as to the neck of the condyle, is responsible for its 
forward movement. The synovial sacs (Fig. 6) above and below the 
disk, permit the gliding and rotating movements of the joint. The 
cartilage always furnishes a base upon which rotation takes place 
and is always interposed between the condyle and the fossa. 


Dob: A 
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Fig. 8.—Ligaments of the temporo-mandibular joint (internal view). A, long internal 
lateral or spheno-maxillary; B, short internal lateral; C, stylo-maxillary. (Deaver.) 


The ligaments of the joint (Figs. 7 and 8), are the capsular, the 
external and internal lateral ligaments, which are-only thickenings of 
the capsular, and several accessory ligaments. 

The capsular ligament is attached above to the anterior border of 
the root of the zygoma, behind to the bottom of the glenoid cavity a 
little in front of the Glaserian fissure, on the outside to the zygomatic 
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tubercle and the longitudinal root which follows it, and on the inside 
to the base of the spine of the sphenoid. It is attached below around 
the neck of the condyle; anteriorly, immediately below the articular 
surface, posteriorly, to a line 3 to 4 mm. lower. This permits the 
articular surface of the condyle to be in relation with the cartilage 
during any of its normal movements. The internal surface of the cap- 
sular ligament is intimately connected with the cartilage around its 
periphery where the two come in contact, thus dividing the cavity into 
two portions. 

The capsular ligament consists mainly of vertical fibers, and is thin, 
particularly in front, where it gives attachment to some fibers of the 
external pterygoid muscle. Posteriorly there are some elastic fibers 
attached a little anterior to the Glaserian fissure, and passing downward 
are attached to the cartilage and the neck. Sappey! says these con- 
tribute to limit the forward displacement of the cartilage and condyle 
and serve to bring the former back when the condyles retreat nto the 
fossee. 

The principal suspensory ligament is the external lateral, which is 
attached above to the outer surface of the zygoma and to the rough 
tubercle on its lower border, and below to the outer surface and pos- 
terior border of the neck of the condyle. It is a stout thick ligament, 
broader above than below, its anterior fibers being the longer, and 
anterior to the horizontal axis of the condyle. By reason of its attach- 
ment it assists in compelling a forward movement of the condyle 
during depression of the jaw. 

The internal lateral (or short internal lateral) is shorter than the 
external, is inserted into the back of the neck of the condyle, and has 
longer outer fibers. | 

The spheno-maxillary (or long internal lateral ligament) 1s attached 
to the alar spine of the sphenoid and extends to the spine on the man- 
dible internal to the inferior dental foramen. 

The stylo-maxillary is a specialized band of cervical fascia, extending 
from the styloid process to the ramus a little above the angle of the jaw. 
According to Prentiss? the lower part of this ligament prevents back- 
ward displacement of the condyle while the upper part prevents its 
forward displacement. 

It will be noted that the ligaments of the joint, while permitting great 
freedom of movement in certain directions, bind the condyle firmly in 
the fossa, and that the groove-like character of the socket limits its 
movement in certain directions. Movement distally is resisted by the 
posterior wall of the cavity, the extent of compressibility of the inter- 
vening soft tissues being the limit of movement in this direction. 
Movement forward is permitted, as we have seen. Only slight outward 
movement is possible and movement of the condyle inward is possible 
only to the extent permitted in rotation of the jaw about the other 


1 Testut: Traité d’anatomie Humaine. 
2 Dental Cosmos, vol. 60, p. 507. 
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condyle. Any force tending to separate the contact between the con- 
dyle, cartilage, and fossa is resisted by the joint ligaments proper, 
notably the external lateral, so that such movement is permitted only 
to the amount to which these ligaments may be stretched. For all 
practical purposes the condyle and fossa may be said to be always in 
contact through the medium of the interposed cartilage, for the reason 
that the usual forces operating upon the jaw tend to press the condyle 
into the fossa and not to separate them. In edentulous patients where 
the fossse are very flat, the ligaments seem to become lengthened, 
thus permitting a large range of movement to the jaw. The soft 
tissues interposed between the bones are slightly compressible, but 
this factor is so small in amount as to be practically negligible in esti- 
mating the path of the condyle during the movements of the jaw. 
Therefore within the restriction offered by the ligaments, this path 
will be determined, so far as the joint is concerned, almost solely by 
the form of the glenoid fossa. Hence it will be seen that there 1s a 
definite relationship between the movements of which the lower Jaw 
is capable and the character of the temporo-mandibular articulation, 
although it must be remembered that this is only one of the factors 
which determine the character of these movements. 

The Muscles.—The muscles attached to the lower jaw and producing 
its movements are the temporal, masseter, external and internal ptery- 
- goids, ordinarily classed as the muscles of mastication because they are 
the active agents in this process, together with the mylo-hyoid, the 
genio-hyoid, the digastric and the platysma myoides. With the excep- 
tion of the last they are arranged in symmetrical pairs usually operating 
simultaneously in the principal movements of the jaw, although each 
is capable of independent contraction. Prentiss has called attention to 
a muscle found well developed in cats, and present as a small muscle in 
man to which he has given the name pterygo-meniscus. This, he 
asserts, is largely responsible for the inward movement of the condyle. 
The temporal muscle (Fig. 9), the principal levator of the mandible, 
arises from the whole of the temporal ridge and fossa and converges 
to be inserted into the coronoid process. The masseter, short, quadri- 
lateral, thick, and powerful has two planes of fibers, the external, aris- 
ing from the malar process of the superior maxilla, the outer surface 
and anterior two-thirds of the zygoma, and inserted into the lower 
half of the ramus and the angle of the jaw; the internal layer, arising 
from posterior third of the zygoma and attached to the upper portion 
of the ramus. The internal pterygoid is also thick and quadrangular ° 
in shape, extending from the pterygoid fossa, its origin, to the inner 
surface of the ramus and the angle of the jaw. The external pterygoid 
arises by two heads, one from the under surface of the great wing of 
the sphenoid, the other from the tuberosity of the maxillary bone and 
the palate bone. The fibers pass almost horizontally backward and 
outward to be inserted into the neck of the condyle and the anterior 
margin of the interarticular fibro-cartilage. With the exception of 
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the last-described muscle, it will be seen from their points of attachment 
that they serve largely to elevate the mandible into contact with the 
maxilla by rotating it about the condyle. They arise either from the 
cranium or from the strong zygomatic arch, and are attached to the 
lower jaw at points between the temporo-mandibular articulation and 
the teeth. They are short and powerful, and capable of exerting con- 
siderable force. The function of the external pterygoids acting 


Fig. 9.—Temporal muscle. (Deaver.) 


is to pull the condyle forward and downward over the surface of the 
glenoid fossa, and to so adjust the cartilage that it is always interposed 
between the condyle and the fossa. The external pterygoid on either 
side contracting independently of its fellow, and in conjunction with 
the pterygo-meniscus, serves to pull its condyle downward, forward 
and inward, thus rotating the jaw about the opposite condyle. 

The depressor muscles are mainly attached to the forward end of the 
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mandible. The genio-hyoid and the anterior belly of the digastric are 
inserted into its inner surface near the median line; the mylo-hyoid 
being attached to the ridge of that name. They operate from the 
hyoid bone, which must first be fixed by the omo-hyoid, sterno-hyoid, 
and thyro-hyoid muscles. The platysma myoides is attached below 
to the sternum and clavicle as its fixed base. 


Fig. 10.—Median sagittal section of head, showing relation of structures in oral cavity 
when the mouth is closed. (Cryer.) 


Under ordinary conditions when the mouth is closed (Fig. 10), the 
muscles are in repose and there is an absence of any active contraction 
on their part. The mandible is maintained in position partly by the 
tonicity of the levators, their length, however, in an ordinary state 
being too great to keep the jaws in contact. This is assisted by the 
influence of a certain negative intra-oral air-pressure amounting to 
‘about 2 to,4 mm. of mercury (Donders) which “is formed by the con- 
traction of the muscles of the tongue and by the sinking of the mandible. 
The closed space arises from the closure of the lips, and the placing of 
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the soft palate upon the root of the tongue.””! The teeth are usually in 
contact at some point, the tongue nearly fills the cavity of the mouth, 
the lips and the cheeks are closely applied to the teeth and alveolar 
mucosa. This position is commonly termed “the resting bite.” In 
it the teeth do not fit tightly together, the cusps not being closely 
received into their corresponding depressions, the condyles are distally 
placed in their fosse, and the levators exhibit only ordinary tone. 

If the levator muscles are contracted slightly, the jaw is drawn 
upward and backward to a position where the cusps and depressions 


of the teeth do correspond and we have a more closely fitting occlusion. 
At the same time the condyles are occupying their most distal position — 


in the fossxe and we have what is called “the position of occlusion.” 

If the levators are still further contracted there is no closer fitting 
together of the teeth, but they are forced very slightly up into their 
sockets, a movement permitted by the elasticity of the pericementum, 
while at the same time the interarticular cartilage and other soft tissues 
intervening at the joint are likewise compressed slightly. It is the 
latitude of movement between the position of occlusion and this 
position which reduces the shock of the impact of the mandible during 
mastication. 


THE MOVEMENTS OF THE MANDIBLE. 


Because of the fact that it has two articulations, the movements of 
the lower jaw are so complex that it will be best for our purposes to 
describe the simple movements, and then to see how they may be com- 
bined to produce the more complicated ones. Therefore those will be 
first discussed in which the symphysis of the jaw is moved in the sagittal 
plane of the body, or in other words, movements which are bilaterally 
symmetrical. 

Depression.—This is produced by the weight of the jaw and by the 
action of the mylo-hyoid, genio-hyoid, anterior belly of digastric, and 
the platysma myoides muscles, which serve to depress the forward end 
of the jaw, and by the action of the external pterygoid muscles which 
pull the heads of the condyles downward and forward. ‘The jaw rotates 
about a horizontal axis passing through the condyles which at the same 
time are being moved downward and forward. Sliding is thus com- 
bined with rotation through the whole movement of depression of 
the mandible (Fig. 11). | 

The forward movement of the condyle is rendered necessary by the 
attachment of the external lateral ligament, which is so located as to 
compel a forward movement of the condyle when force tending to 
displace the jaw downward is applied at its anterior portion. It is 
also produced by the contraction of the external pterygoid muscle 
which pulls forward the condyle and the cartilage which surmounts It. 


Man’s erect posture and the forward projection of the larynx necessi- 
tate this. The path which the condyle pursues, downward and for-. 


1 Herbst, E.: Deutsch. Zahnarztl. Wchnschr. 
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ward, in this movement is dependent upon the shape of the glenoid 
fossa. Walker! found it to make “an angle ranging from 25 to 45 
degrees to the line or plane of occlusion, being from 30 to 50 degrees 
to the facial line,” the average of the former being 35 degrees, but states 
that it varies very much even on the two sides of the same individual. 

In the extreme position of depression of which the jaw is capable 
the condyle is in the lowest and most anterior position which it ever 
assumes. While “the mandible describes approximately the arc of 
a circle” in this movement, “no portion of the actual path is coincident 
with the are of a circle described from, as its center, any position ever 
attained by the condyle.”? The radius of the circle described by the 
morsal edges of the lower incisor teeth may vary from 44 inches in 


B 


Fig. 11.—Diagram illustrating the direction of operation of the muscles in depressing 
the mandible. f O, line of traction of external pterygoid muscles; O B, line of traction of 
mylo-hyoid, genio-hyoid and digastric muscles. (After Constant.) 


length to 7 or 8 inches, the center being therefore usually behind the 
condyle.* ‘The center is generally from 1 to 14 inches below the level of 
the condyle. 

Elevation.—The simplest form which this movement may take is 
that which is the reverse of the one just described, the jaw pursuing the 
movement of depression in reverse order. The temporal, masseter, and 
internal pterygoid contract, serving to rotate the jaw about a horizontal 
axis passing through the condyles. The shape of the glenoid fossz 
being such as to guide the condyles backward, they recede, the posterior 
elastic fibers of the capsule likewise carrying the cartilage back. In 
moving from the position of extreme depression, the contraction of the 

1 Dental Cosmos, vol. 38, p. 34. 


2 Tomes and Dolamore: Trans. Odontol. Soc. Great Britain, 1900, p. 167. | 
8 Loe. cit. 
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levators produces rotation about the condyles, the temporal muscle 
being most advantageously situated for this action. The stylo- 
maxillary ligaments, from their point of attachment, serve in the bégin- 
ning to cause a distal movement of the condyles as rotation takes place. 
As elevation proceeds, this is contributed to by the external lateral 
ligaments and by the posterior fibers of the capsular ligament, while the 
upward inclination of the fossee serves to guide the condyles upward 
and backward. For the jaw to pursue this path there must be full 
and complete relaxation of the external pterygoids, or the condyles 
will not move backward. After a certain point has been reached, these 
muscles have the power of fixing the condyles on their return path to 


Fira. 12.—Diagram illustrating the path pursued by the mandible in depression. 
GF, glenoid fossa; R, center of condyle; & F, path pursued by center of condyle; A, 
cutting edge of lower central incisors; A B, path which would be described by A if the 
mandible rotated about R and condyle remained in fossa; A C, actual path pursued by 
A in depression of the mandible in which rotation and sliding are combined; A’, approxi- 
mate geometric center of circular path A C actually pursued by the point A. 


the distal part of the glenoid fossee, and then elevation consists in a 
rotation of the jaw about them in this position. If they do not relax, 
or if there is contraction of the protrusor fibers of some of the levator 
muscles, the elevation may have combined with it some of the move- 
ment of protrusion. Tomes and Dolamore' found that in normal 
closure of the jaw the path of its anterior end is almost constantly 
anterior to that of opening. It is possible for the mandible to move 
from its most depressed position to that of occlusion, to that of extreme 
protrusion, or to any position between these, by paths which depend 
in their character upon the proportion of protrusive movement com- 
bined with the elevation. 


1 Loc. cit. 
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Protrusion.— When the natural teeth are in occlusion the jaw cannot 
be carried forward until it has been slightly depressed to disengage 
the cusps, or unless during protrusion the cusps of the lower teeth 
slide downward and forward in the fosse of the upper teeth into which 
they fit, thus serving to slightly depress the mandible during this 
movement. In an edentulous mouth, however, this does not obtain. 
The jaw is moved forward by the action of the external pterygoids 
contracting simultaneously, assisted by the external fibers of the 
masseter and the anterior fibers of the temporal and some fibers of 
the internal pterygoid (Constant). The external pterygoid also pulls 
forward the interarticular cartilage, this movement, however, being 
also due to the intimacy of its attachment to the condyle by means of 
the capsular ligament. The condyles move downward and forward, 
thus depressing the distal portion of the lower jaw on the average 
‘about % inch, a fact brought out by Balkwill! and later by Walker? 
and several investigators since him, the amount of the depression being 
determined by the inclination of the glenoid fossa and differing vastly 
in different individuals. In the most forward position assumed by 
the jaw in protrusion, the condyle is nearly upon the eminentia artic- 
ularis. ‘This, however, is not as far forward as in the position of 
greatest depression, for in addition to the joint ligaments proper, the 
stylo-maxillary, and other tissues attached to the back of the ramus 
are put on the stretch and prevent the forward movement of the con- 
dyle, unless it is rotated forward as occurs in depression of the mandible. 

Retraction.— This is the reverse of the movement of protrusion, and 
the jaw may be brought back along the same path which it pursued 
in the forward movement. This is produced by the contraction of 
the posterior fibers of the temporal, the internal portion of the masse- 
ter, the digastric, the genio-hyoid and mylo-hyoid muscles. The con- 
dyle is carried backward and upward, the cartilage accompanying it. 
There may be combined with this various amounts of depression, as for 
instance, the jaw may move from its most protruded position back to 
that of occlusion, or to its most depressed position, or to any point or 
along any path intervening between the two. In moving from the 
most protruded to the most depressed position, the stylo-maxillary 
and the posterior fibers of the capsular ligament being on the stretch, 
cause the condyle to be moved forward and downward. 

Combinations of these two kinds of movements may occur in various 
amounts. ‘Thus far we have considered the movements which the 
lower jaw may make by simultaneous and equalized contraction of 
the muscles of both sides. 

Lateral Movements.—The lateral excursions of the mandible are 
made possible by the sliding character of the temporo-mandibular 
joint and the fact that protrusion of the condyles may occur indepen- 
dently on either side. The external pterygoid muscle and the pterygo- 


1 Trans. Odontol. Soc. of Great Britain, vol. 5, p. 133. 
2 Dental Cosmos, vol. 38, p. 34. 
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meniscus do not operate in a plane identical with or parallel to that in 
which the condyle moves in its forward excursion. Its action is to 
pull the condyle inward as well as forward and it is only by the simul- 
taneous contraction of both that the jaw is bodily protruded (Fig. 13). 
Acting singly, therefore, when the condyle on the opposite side 1s 
held in the fossa, its influence is to draw the condyle inward, forward 
and downward over the inclined floor of the fossa causing a rotation 
of the mandible about an approximately vertical axis passing through 
the opposite condyle. In this movement the path of the condyle (Fig. 
14) is approximately in the arc of a circle upon the floor of the fossa, 
and it may be carried no farther forward, if, indeed, as far as in the 


Fic. 13.—Diagram illustrating action of external pterygoid muscle. R, stationary 
center of rotation in right condyle; P, line of action of left pterygoid; A B, path pursued 
by point A on contraction of left external pterygoid. 


movement of protrusion. The simplest form of the return movement 
is for the condyle to pursue the same path back to its distal position 
in the fossa. When the jaw is carried to the other side in its lateral 
excursion, the opposite condyle in turn is pulled downward and forward, 
and the jaw rotates about the other. 

Walker observed that in the lateral excursion the actual rotation 
point was not always situated in the condyle, but that it was sometimes 
internal to and sometimes external to the condyle. 

Mr. Norman G. Bennett! has called attention to the fact that at 
times and in certain mouths the entire mandible is carried to the side 


1 A Contribution to the Study of the Movements of the Mandible, Proc. Roy. Soc. 
Med., Odontol. See., April, 1908. 
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to which the lateral excursion occurs, a movement due to the relaxation 
or laxity of the joint ligaments, to the shape of the condyle and fossa, 
and to the lateral pull of the muscles. This lateral movement is 
small in amount and is independent of the radial swing in the lateral 
excursion. Gysi and various others have confirmed Bennett’s obser- 
vations. 

Lateral movement may be combined with that of depression of the 
jaw as above described. In this event the lateral movement simply 
seems to make an alteration in the position of the horizontal axis about 
which the rotation element of the movement of depression takes place. 
The greater the forward pull on one condyle as related to the other, and 


Fig. 14.—Diagram illustrating forward and lateral excursions of the mandible. RO, 
path pursued by right condyle when jaw is rotated to the left about L; L P, path pursued 
by left condyle when jaw is rotated to the right about R; RF’ and LF, paths pursued by 
right and left condyles respectively when mandible is carried bodily forward. 


hence the greater the lateral movement, the less depression may be 
combined with it, and as the depression increases the lateral movement 

must of necessity decrease. We have seen, that in the most depressed 
- position of the lower jaw both condyles are in the most forward and 
downward position near the eminentiz articulares, from which position 
it is impossible to produce any lateral movement. Lateral movement 
and depression in any combination of these two are always, therefore, 
inversely related to each other. 

Lateral movement may also be combined with forward translation 
of the jaw, its rotation about a vertical axis then occurring at the place 
in which the condyle through which it passes is fixed in the glenoid 
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fossa. This means simply that the condyle, about which rotation in 
the lateral movement has occurred, is not in its distal position in the 
fossa, but has been carried forward along with its fellow of the opposite 
side. It becomes evident that these movements are similarly inversely 
related, for the farther forward one condyle is carried, the less distance 
remains to the other for rotation about it. It may be said that the 
condyle in the most distal position—the one about which rotation takes 
place—always occupies a point in the path pursued in their dual 
forward movement. The return movements partake of the character 
of their constituents as may be seen above. : 

The various combinations of depression with forward translation, 
and the addition to these of changes in the direction of the horizontal 
axis of rotation passing through the condyles, which their independent 
movement forward produces, gives to the mandible a range of move- 
ment beyond that of any other joint in the body. Within the limita- 
tion imposed by the joint ligaments, and when the teeth are not In 
contact, the position of the jaw at any one time is determined by the 
balance established between the opposed pairs of muscles which produce 
its movements. When the teeth touch, however, they become a 
factor in determining the position of the forward end of the mandible. 
It is evident, therefore, that so long as they are in contact, their form 
and position has much to do with the position of the Jaw and its paths 
of movement. The slight laxity of the ligaments, and the compressi- 
bility of the tissues intervening between the bones and the varying pull 
of the muscles allow some slight latitude in the paths pursued. 


THE TEETH. 


The jaws are equipped with the teeth in two opposed series which 
serve as specialized organs in the mechanical subdivision of the food. 
As the armament for the fixed and movable elements of the masticating 
apparatus, they are brought into functional relation by the muscles 
operating the mandible. In the typical or ideal denture they are of 
such form and arrangement as to best subserve the interests of the 
masticatory function. | 

In order to comprehend the various relations which the teeth have 
during the functional activity of the mechanism, and to see how its 
ends are best subserved by their form and arrangement, it will first be 
necessary to study the teeth of each jaw separately, particularly with 
regard to their occlusal surfaces. Then, as the position of occlusion 
is the ultimate one toward which the mandible tends in all its mastica- 
tory efforts, it will be necessary to study the relative position of these 
morsal surfaces when the teeth are in occlusion, and then their relation 
during the masticatory movements of the mandible may be understood. 
Inasmuch as we are considering them as mechanical appliances solely, 
no attenipt will be made to give their anatomy except as it concerns 
this matter. 
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As viewed from their occlusal surfaces, the teeth (Figs. 15 and 16) 
are seen to be arranged in the jaws in two arch-shaped series of sixteen 
teeth each. The outline of the arch in general is that of a parabola. 
While it varies considerably within the limits of the normal, as will be 


Fre. 15.—Occlusal surfaces of the upper teeth. 


seen in Chapter VII, its form is related to several other variable factors 
to be considered conjointly later in this chapter, and variations in this 
particular may occur which are not at the expense of the mechanical 
effectiveness of the apparatus. The arch outline is determined by the 
position of the individual teeth, but is affected by their size—both 
actual and relative—and their shape. The general proportion existing 


Fic. 16.—Occlusal surfaces of the lower teeth. 


between the size and form of the individual teeth in either the upper 
or the lower series is fairly constant. Slight variations occur, but as 
they are more important from a cosmetic than from a functional 
standpoint, they will not ke considered here. ‘The proportion between 
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the corresponding teeth of the upper and lower series of any denture is 
also practically constant, the individual teeth in one jaw being usually 
associated with those of corresponding size and shape in the other. 
This will be seen more clearly when their occlusion is discussed. 

The outlines of the upper and lower arches correspond in shape in 
order that the teeth may be opposed throughout their series, except 
that the upper is slightly larger and overhangs the lower externally. | 
This difference in size is necessary in order that the fixed base shall 
present a sufficiently large surface for contact during the excursions of 
the movable arm and it is extended in the direction of these movements. 
This is due to the greater size of the upper teeth and the greater seg- 
mental form of the arch; both the overhanging and difference in size 
decrease from the median line backward. 

The teeth of each arch (Figs. 15 and 16) are seen to present an 
unbroken series of occlusal surfaces extending from the terminal molar 
on one side to that on the other. Besides giving greater surface area 
for masticatory purposes, this approximal contact provides a mutual 
support for the teeth which is of great value. When the character of 
man’s food is remembered, it will be seen that this provision is also 
of some importance for the protection against injury of the soft tissues 
of the interproximal space. : 

The teeth are divided into four classes anatomically, and their func- | 
tions as mechanical instruments more or less correspond to this division. 
As viewed from their occlusal surfaces (Figs. 15 and 16), it will be 
noted they are well-shaped for their several offices. The incisors are 
designed to cut off definitely sized masses of food, and their morsal 
surface is in the form of a broad blade, the labial and lingual surfaces 
meeting at an angle at the incisal edge. The canines in the lower 
animals serve largely for prehension—to pierce and hold the more 
resistant food, and among the carnivora to guide the lower jaw into 
place. In man these functions are largely rudimentary, the tooth 
being intermediate in function between the incisors and bicuspids. 
It has a double blade, ending in a well-defined point. The bicuspids, 
as their name implies, have two cusps, and are intermediate between the 
canines and molars. Williams asserts that their office is “to catch, 
hold and crack brittle foods, and to pierce between fibers which have 
been placed along them and are being held by the sliding articulation 
of cuspids and molars.” While their function is largely to crush and 
press the food, they participate in trituration, which is the characteris- 
tic office of the molars. The greater sharpness of their cusps fits 
them more for piercing than for grinding. The molars are the grinding 
teeth proper, for which their tuberculated surfaces are well designed. 
The cusps alternate with fosse and grooves, and are joined by ridges 
which afford a surface most effective for trituration as will be seen later. 

It will be observed of the molar and bicuspid series of cusps and 
depressions of each jaw, that as they are higher and larger anteriorly, 
they are smaller and shorter as the distal end is approached, so also 
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there is a diminution in the distance between them both mesio-distally 
and bucco-lingually. 

The Occlusion of the Teeth.— When the ideal or typical denture is 
viewed in occlusion (Fig. 17), it will be seen that there is a definite 
mutual relation of the occlusal surfaces of the teeth. It will be 
observed that there are two different types of occlusion—first, that 
corresponding to the incisiors and canines, in which the morsal edges 
do not meet end to end, but those of the lower teeth rest upon the 
lingual surfaces of the upper; and second, that corresponding to the 
molar and bicuspid teeth, where considered collectively their cusps 
are either received into fosse or depressions in the occlusal surface 
of the opposing series, or overlap the buccal or lingual surface of their 


_ Fig. 17.—Upper and lower teeth in occlusion. (From photograph of specimen in the 
Wistar Institute of Anatomy.) 


opponents. It is notable that with the exception of the lower central 
incisors and the upper third molars, each tooth is opposed by portions 
of two others. This provision serves to dissipate the force of impact in 
occlusion, and tends to preserve the integrity of the denture; for with 
this arrangement the loss of a tooth in one arch does not mean the loss 
of a tooth in the other through lack of antagonism. 

The Occlusion of the Incisors.—The typical occlusion for the incisors 
is shown in Fig. 18, in which it will be seen that the upper incisors 
overhang the lower for about one-third their labial surfaces. This 
relation is spoken of as the normal overbite of the incisor teeth and 
obtains in a large percentage of cases. ‘The angle formed by the long 
axes of the upper and lower incisors differs much in individuals, and 
the contact between the two varies in consequence. In some the 
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angle is so obtuse that there is considerable contact between the 
labial surface of the lower and the lingual surface of the upper incisors. 
The size of the arch of the upper may be so great that the lower teeth 
are not in contact with the upper in the position of occlusion, only 
coming in contact when the lower jaw is protruded in incision. T he 


Fic. 18.—Occlusion of the incisor teeth. (From photograph of specimen No. 4237, 
Wistar Institute of Anatomy.) 


so-called “edge-to-edge’’ bite of the incisors, which is seen in those cases 
in which the overbite has been short and the teeth have worn, or have 
been originally erupted in this position (Fig. 19, B), is within the range 
of the normal but is a less effective mechanical arrangement for 
incision. 


A B C 
Fre. 19.—Occlusion of the incisor teeth. A, normal overbite; B, edge-to-edge bite; C, 
upper incisors distal to lower. (Grevers.) 


The condition presented by Fig. 19, C, in which the upper incisors 
occlude lingually to the lower is less effective still, because the lower 
jaw cannot move backward to bring the teeth into contact. 

In a typical denture Balkwill' has pointed out with regard to the 
scissors-like action of the front teeth. that as they are wedge-shaped, 


1 Trans. Odontol. Soc. Great Britain, vol. 5, p. 1383. a 
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he “expected to find the angle of the wedge equally divided by the 
circle of motion, which would give the greatest dividing power,” but this 
is not the case. The angle of the wedge points more outward in the 
upper and inward in the lower, and he reminds us that in closing the 
teeth, there is a backward as well as an upward motion. Burchard 
has pointed out the effect of this motion upon the direction of the 
impact of the teeth during closure of the jaw; that unless there was 
a backward movement at the same time, the effect would be to drive 
the upper incisors forward. © 

The Ogclusion of the Bicuspids and Molars.—The bicuspids and 
molars on each side viewed collectively (Fig. 22), may be considered 
as consisting of a series of cones or cusps alternating with fosse or 
depressions, and so fitted together when the teeth are in occlusion that 
the fossee receive cusps of the opposing teeth. The inner line of cusps 
of the upper are received into the fossee between the outer and inner 
cusps of the lower (Fig. 21), the outer line of cusps of the lower being 
correspondingly received into fosse in the upper (Fig. 20). Thus the 
lingual cusp of the first upper bicuspid (Fig. 21) is received, between 
the buccal and lingual cusps of the lower bicuspids, the point of the 
cusp corresponding to the line between the mesial marginal ridge of 
the second and distal marginal ridge of the first. Similarly, the 
lingual cusp of the second upper bicuspid is received at the line of 
contact between the marginal ridges of the second lower bicuspid 
and first molar. The mesio-lingual cusp of the first upper molar fits 
into the central fossa of the first lower molar, while the disto-lingual 
cusp occupies a position in relation with the adjoining marginal 
ridges of the first and second lower molar teeth, 7. ¢., in the depression 
between the disto-lingual and buccal of the first lower molar and mesio- 
lingual and mesio-buccal of the second lower molar. The second upper 
molar occludes similarly with the lower second and third molars, while 
the third upper molar varies in this respect as it varies in form. The 
large lingual cusp, usually found on this tooth, however, normally 
occupies the central fossa in the third lower molar. 

The buccal cusps of the lower are received into the fossee and depres- 
sions of the upper teeth as follows (Fig. 20): The buccal cusp of the 
first lower bicuspid is in relation with the distal marginal ridge of the 
canine and the mesial marginal ridge of the first bicuspid (Fig. 22). 
This is less like a cup-shaped depression than any which succeed in this 
description. ‘The second bicuspid has its buccal cusp received in the 
depression between the buccal and lingual cuspsof both upper bicuspids, 
its point being in definite relation with their adjacent marginal ridges. 
The mesio-buccal cusp of the first lower molar rests in relation with 
the adjoinging marginal ridges of the first upper molar and the second 
bicuspid, while the large buccal cusp is received in the central fossa of 
the first upper molar. The disto-buccal cusp of the first lower molar, 
which is present in 50 per cent of cases, is usually so distally located 
that it shares with the mesio-buccal cusp of the second lower molar the 
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Fic. 20.—Occlusion of the molar and bicuspid teeth, external view. (From photograph 
of specimen in possession of Dr. F. A. Peeso.) ; 


Frg. 21.—Occlusion of the molar and bicuspid teeth, internal view. (From photograph 
of specimen in possession of Dr. F. A. Peeso, Same specimen as Fig, 20.) 
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space between the cusps of the first and second upper molars and is in 
contact with their adjacent marginal ridges; or it is forced to the lingual 
to be lost in the distal marginal ridge. The mesio-buccal cusp of the 
second lower molar has just been located, while the remainder of the 
tooth is similarly related to the upper first and second molars as the 
first molar is to its two antagonists. The third lower molar varies so 
in form that it is difficult to say what is its typical occlusion. The 
two types most commonly seen (Broomell)! are those with four or five 
cusps respectively, the occlusion being similar to the molars already 
described with regard to the mesio-buccal and buccal cusps in either 
case, while where the fifth cusp is present, it occludes simply with the 
distal portion of the upper molar. | 


Fig. 22.—Occlusion of the molar and bicuspid teeth, occlusal view. Lines are drawn 
from the lingual cusps of the upper teeth and buccal cusps of the lower to the correspond- 
ing depressions into which they fit. (From photograph of specimen in possession of 
Dr. F. A. Peeso. Same as Figs. 20 and 21.) 


The buccal cusps of the upper molars and bicuspids are sharper 
than the corresponding lingual cusps (Fig. 23). They are related to 
the lower teeth as follows (Fig. 20): That of the first bicuspid is 
received in the groove between the buccal cusps of the lower bicuspids 
and to the buccal side of the teeth. That of the second corresponds to 
the space between the buccal cusp of the second lower bicuspid and 
mesio-buccal of the first lower molar. The mesio-buccal of the first 
upper molar is received in the buccal groove of the first lower molar, 
the disto-buccal cusp occupying the disto-buccal groove, where the 
lower molar has five cusps, or the space between the second molar and 
the first, where it has four. The buccal cusps of the second upper 
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molar occlude so similarly to those of the first that they require no 
mention, while the two buccal cusps of the third likewise similarly 
occlude, except where the lower molar has no disto-buccal cusp, when 


only its last cusp is in relation with the distal surface of the lower 


tooth. 

As to the lingual cusps of the lower teeth (Fig. 21), they are in general 
smaller and more pointed (Fig. 23) than the buccal. A marked excep- 
tion exists in the case of the first lower bicuspid whose lingual cusp 1s 
frequently so rudimentary as to be represented only by a ridge of 
enamel; the second is sometimes similarly formed. Bonwill' has 
pointed out the lack of function of this cusp of the first bicuspid, which 
fact will be seen more clearly when the functions of the teeth are 
described. When present, this cusp is in relation only with the mesial 
slant of the lingual cusp of the first upper bicuspid. The lingual cusp 


Fic. 23.—Section through upper and lower teeth in occlusion, showing relative height 
and sharpness of buccal and lingual cusps. (Cryer.) 


of the second is lingually placed to the space between the lingual cusps" 


of the two upper bicuspids, while the mesio-lingual cusp of the first 
lower molar is similarly placed bewteen the first molar and second 
bicuspid... The disto-lingual cusp corresponds in position with the 
lingual groove of the first upper molar. The lingual cusps of the second 
molar.are similarly related to the first and second upper molars, and 
this is likewise frequently true for the third lower molar, with the excep- 
tion of its disto-lingual cusp, which, having no groove with which to be 
in relation, touches only the distal incline of the single lingual cusp 
of the upper third molar. 

It will be noted that the cusps received into fosse are the more 
rounded, and that the cusps which overlap are the sharper and the 
smaller (Fig. 23). 


1 American System of Dentistry, vol. 2, p. 495. 
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In the upper jaw it is noted that the fossx are separated antero- 
posteriorly or mesio-distally by the transverse ridges of the bicuspids 
and by the mesial marginal and oblique ridges of the molars. These 
ridges are received by the grooves separating the buccal cusps of the 
lower teeth. The lower fossse and depressions which receive the lingual 
cusps of the upper series are similarly separated, and these ridges are 
received into the grooves separating the lingual cusps of the upper 
teeth (Vig. 22). It is evident that in order to move the jaw in any 
direction it must be depressed to disengage the cusps from these 
fossee. 

The actual height of the cusps and the corresponding depth of the 
fossee vary greatly in different individuals. It may be mentioned here, 
however, that this variable factor is one of that related group which will 
_be considered later in this chapter. Bonvwill! has stated that there is 
an almost constant relation between the overbite of the incisors and the 


Fig. 24.—Diagram showing typical proportion between cusp length and overbite. 
Modified from Bonwill. 


length of the cusps of the bicuspid and molar teeth (Fig. 24). Where 
the overbite is considerable, the molars and bicuspids will usually be 
found to possess high cusps, the overhanging of the buccal cusps of 
the upper being an index of their length, while short cusps are associated 
with a-small amount of overbite. In either event the cusps grow 
proportinally shorter from before backward. While this proportion 
is fairly constant for typical dentures, many instances of a departure 
from it are found. A denture conforming closely to the description of 
the typical denture in every particular except this, is shown in Fig. 25. 

The canine tooth occupies a position between the incisors and the 
masticating teeth and hence is intermediate in the character of its 
occlusion. Where from the shape of the arch it continues the line of 
the molars and bicuspids, it partakes more of their type of occlusion, 
and its overbite corresponds to the overlapping of the molar and 


1 American System of Dentistry, vol. 2, p. 488, 
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bicuspid cusps and is proportioned to them in this regard. When its 
position is more in the line of the incisors, it partakes of their type of 
occlusion, its overbite corresponding with theirs, while if it is inter- 
mediate in position, it participates in the character of both types of 
occlusion. 

We next come to discuss some peculiarities of the occlusion of the 
bicuspid and molar teeth, which are so closely related to the manner of 
movement of the mandible and have so important a bearing upon the 
efficiency of these teeth as masticatory organs, that it will be necessary 
to bear in mind the movements of which the lower jaw is capable in 
order to understand the functional significance of these characteristics. 


Fig. 25.—Denture typical in other respects exhibiting disproportion between cusp 


length and overbite. It will be noted that the cusps of the first molar are much worn, © 


as this is the oldest tooth in the mouth. (From photograph of specimen from Dr. Cryer’s 
collection.) 


If a curved line be drawn touching the summits of the buccal cusps of 
the lower teeth from canine to third molar, it will more or less accurately 
correspond to the arc of a circle with its convexity downward (Fig. 
26). The lower lingual cusps will be found to occupy a similar line and 
both series of cusps of the upper teeth correspond also to the are of a 
circle. This condition is to be attributed to differences in the level 
of the teeth and in the direction of their long axes as they are placed in 
the alveolar process. The long axes of the upper teeth anterior to 
the second bicuspid are inclined toward the median line of the denture, 
that of the second bicuspid being practically vertical, while the teeth 
distal to it are placed at a higher level in the bone and have their 
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long axes increasingly inclined away from the median line. In the 
lower jaw a corresponding condition is found, successive cusps of the 
series being placed at higher levels in each direction from the mesial 
cusps of the first molar which marks the lowest portion of the curve 
(Fig. 26). This is frequently spoken of as the “compensating curve” 
of the molars and bicuspids, and also as the “Curve of Spee,”’ by whom 
itis described.'_ This curve varies considerably in different individuals. 
In its most ideal form, if continued in a projection of the jaw upon the 
vertical sagittal plane, it touches the anterior face of the articular 
surface of the condyle (Fig. 27). It more frequently passes posterior 
to this than anterior. In typical dentures its form has a definite rela- 
tion to two of their characteristics which have already been mentioned, 
viz: the length of the cusps of the teeth, and the path which the con- 
dyles pursue in the forward excursion of the jaw. The relation existing 


i 
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Fic. 26.—Diagram illustrating the compensating curve or the ‘‘curve of Spee.” 


between the curve and these two factors may be stated thus: The 
longer the cusps of the molars and bicuspids, the shorter will be the 
radius of this curve, and the shorter the cusps, the longer will be its 
radius; also, the greater the inclination of the glenoid fossze and hence 
the greater the angle between the path of the condyles and the hori- 
zontal, the less will be the radius of this curve, while the more nearly 
horizontal is the path of the condyles in their forward movement, the 
longer will be the radius of the compensating curve. To understand 
the bearing of this feature of the occlusal surfaces of the bicuspid and 
molar teeth upon the forward excursion of the jaw, let us see what 
takes place if this movement occurs and the lower teeth maintain con- 
tact with the upper, simply sliding forward over their occlusal surfaces. 
It must be evident that the path of the jaw would be determined during 


ty. Spee, F. Graf: Die Verschiebungsbahn des Unterkiefors am Schidel, ‘Arch. f. 
Anat. u. Physiol., 1890. 
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this movement by the condyles and fosse posteriorly and by the teeth 
anteriorly. The object which this arrangement serves is that all of 
the bicuspid and molar teeth shall be in contact within a certain range 
of the forward and backward movement of the mandible. It likewise 
provides that when the mandible is elevated into contact with the 
upper jaw not too far forward of the position of occlusion, the lower 
teeth may simultaneously strike their opponents and be able to pre- 
serve a sliding contact with them in the retraction of the jaw to the 
position of occlusion. 

We have already seen that the position of the lower Jaw at any time 
when the teeth are in contact is determined anteriorly by this contact of 
the teeth, and posteriorly by the glenoid fossee upon which the condyles 
rest. Its path, therefore, during a sliding contact of the teeth. would 
be determined anteriorly by the teeth and posteriorly by the fosse 
over which the condyles move. That there must be a correspondence 


Fic. 27.—The ‘‘curve of Spee.’’ Line passing through anterior face of condyle. (From 
a photograph of a specimen in the Wistar Institute of Anatomy.) 


between these is evident. In order to understand how it is possible for 
this sliding contact of the teeth to take place, and for sake of simplicity 
in description, let us suppose that the opposed surfaces are smooth 
instead of being broken up into cusps and fosse (Fig. 27). 

In order that the lower teeth may slide upon the upper and the con- 
tact be interrupted at no point, the sliding surfaces must be either 
perfectly flat or represent a curved plane, a section of which would be 
the arc of a circle. These are the only two kinds of surfaces between 
which a sliding contact could take place. In the former case the sliding 
body moves in astraight line, in the latter in the arc of a circle. That 
the condyle must move in. a path harmonious with that pursued by the 
teeth of the lower jaw becomes evident when it is remembered that the 
jaw moves as a whole. Where the sliding surfaces are planes and the 
jaw moves in astraight line, the condyle moves in a line parallel to this 
or identical with it. When they correspond to the arc of a circle, the 
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condyle moves also in the arc of a circle, its path concentric with or 
identical with it. If this did not occur the sliding contact between the 
teeth would be interrupted. 

We find therefore that when the general line of the teeth is that of 
the arc of a circle, that portion of the fossa over which the condyle slides 
is likewise an are which is either identical or concentric. And the 
more nearly the plane of the teeth approaches a straight line or an 
arc with an infinite radius, the more nearly straight is the floor of the 
fossa. ‘These two associated and related characteristics vary therefore 
in individuals. With a well-defined curve of the molars and bicuspids, 
there must be a corresponding slant of the glenoid fossee to permit the 
condyles to descend as the jaw sweeps round this curve, while where 
they are more nearly in a straight line and the jaw may move the more 
bodily forward, the fossee do not incline downward so much but permit 
the condyles to go more horizontally forward. 


Fig. 28.—The‘‘curve of Spee.’’ Short Fie. 29.—The ‘‘curve of Spee.” 
cusps and long curve. Line passing Short cusps and long curve. Line 
through anterior face of condyle. (Speci- passing distal to anterior face of con- 
men No. 4237, Wistar Institute of dyle. (From photograph of specimen 
Anatomy.) No. 800, Wistar Institute of Anatomy.) 


The addition of cusps to the surfaces of the teeth complicates very 
much this sliding contact.. In fact the surfaces do not slide as such, 
but the points of the cusps of the lower teeth glide upon the fossz of 
the upper. We have already seen that from before backward the 
cusps get proportionately shorter and, of course, the fossee into which 
they are received are proportionately shallower. As the mandible is 
moved forward these cusps have the effect of separating the jaws, 
or of rotating the mandible about a horizontal axis passing through the 
condyles. This is produced by the lower buccal cusps sliding upon 
the anterior walls of their fossee, while the fossze in the lower teeth 
containing the lingual cusps of the upper teeth slide upon them. This 
provision keeps the cusps in contact during the forward movement 
until the incisors come into action, and where the normal overbite 
exists, the lower centrals then slide down the lingual surface of the upper 
incisors and separate the distal teeth. Usually when the incisors 
are edge-to- sa all the teeth distal to them are out of contact. 
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From what has been said it will be seen that the buccal cusps of the 
lower teeth and the lingual cusps of the upper are the ones which It is 
most important should conform to the compensating curve, since they 
are in contact with the fosse. Oneof the commonest variations from 
this typical arrangement which will be observed, is that in which the 
distal cusps of the upper molars are below the curve mentioned, the 
long axes of the teeth being almost vertical (Fig. 17). In such cases 
if the jaws are typical in other respects the mesio-buccal cusps will 
be found more or less worn down to conform to the general plan, the 
disto-buccal remaining unworn, because they occupy space between 
the lower teeth and not in their buccal grooves. 


Fic. 30.—Upper and lower bicuspid and molar teeth, side view, showing relative 
height of buccal and lingual cusps of upper teeth. (From photograph of a specimen in 
the Wistar Institute of Anatomy.) 4 


Another characteristic of the molar and bicuspid teeth may be 
observed in Figs. 30 and 31, in which it may be seen that their buccal 
and lingual cusps are not on the same level, the buccal cusps occupying 
a higher relative position as we proceed backward from the first bicus- 
pid. In the upper jaw the lingual cusp of the first bicuspid is usually 
higher than the buccal, the cusps of the second bicuspid being either on 
the same level or the buccal being slightly higher (Fig. 30). The buccal 
cusps of the first molar are successively higher than the lingual, and this 
continues until we find those of the third molar relatively highest of 
all (Fig. 30). This condition obtains also in the lower jaw (Fig. 31). 
It is partly due to an actual anatomical difference in the height of 
the cusps as the tooth is viewed out of the mouth, and partly due 
to the increasing inclination of the long axes of the teeth in the alveolar 
process. This is another of the related factors subsequently to be 
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considered and varies with the path of the condyle. That this con- 
‘dition provides for the contact of the cusps in the lateral excursion 
of the jaw has been well brought out by Walker! (Fig. 33). When 
the jaw is moved to one side with the teeth sliding in contact it rotates 
about a vertical axis passing through the condyle on that side, the 
opposite condyle moving inward, forward, and downward. On the 
side toward which the movement is taking place, the rounded buccal 
and the lingual cusps of the lower teeth slide upon and come in contact 
with the buccal and lingual cusps, respectively, of the upper teeth. 
On the opposite side the high buccal cusps of the lower teeth slide up and 


Fig. 31.—Lower bicuspid and molar teeth, front view, showing relative height of. 
buccal and lingual cusps. Same mandible as Fig. 30. (From photograph of a specimen 
in the Wistar Institute of Anatomy.) 


come in contact with the high lingual cusps of the upper teeth, which is 
rendered possible by the fact that the jaw is depressed on that side. If 
the condyle simply moved forward instead of downward as well, the 
buccal and lingual cusps might be of the same height and this same 
relation of the cusps would obtain, but as it moves downward the outer 
cusps have to be higher in order that there shall be compensation for 
the rotation of the jaw about a vertical axis passing through the 
stationary condyle. 

This provision serves to balance the masticating force and prevent 
overstrain when the jaws are in occlusion in the lateral position. It 


! Dental Cosmos, vol. 39, p. 789. 


52 THE TEETH 


provides contact of the teeth on both sides to resist the strain exerted 
by the pairs of levators which have simultaneously contracted. With 
artificial dentures this condition may be imitated to advantage for a 
purpose to be discussed in a later chapter. Thus it will be seen that, in 
the movement of the jaw forward or from side to side, there is a series 
of cones which may be applied to the food, the series of cones or depres- 


Fic. 32.—Diagrammatic view of the relative height of the buccal and lingual cusps of 
molar and. bicuspid teeth. (Walker.) ; 


sions so alternating and being so arranged in each jaw that within a 
certain range of movement the whole series of cones may be in contact 
with opposing surfaces of some sort. The immense functional value 
of this is obvious, and it is also apparent that this provision tends 
toward preventing overstrain and undue shock upon the denture. 

In exerting the force by which the food is crushed, the jaw moves to 
what has been called the position of occlusion, from the various 
positions which it has assumed in biting through the food placed 


between the teeth. There are several ways in which the food may be 


Fic. 33.—Diagram illustrating contact of cusps in lateral excursion of the mandible. 
Section through jaws at position of second molar. O P, line touching lingual cusps of 
upper molars; L R, line touching buccal cusps of upper molars; S 7, line touching buccal 
cusps of lower molars, showing the downward movement of the mandible on the right 
side necessary for contact of the cusps. 


crushed in such movements. It may be done by the action of a cone- 
shaped point not closely fitting its opposing surface, which is applied 
to the food and acts as a dividing wedge; or the cone may be received 
into a depression which it closely fits, the food being simply crushed 
as between two plane surfaces, or the cone may not fit the depression, 
there being space or spaces for the crushed food to escape, the cone in 
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the depression acting somewhat as a pestle in a mortar. Two closely 
fitting plane or curved surfaces, when the force between them is exerted 
at a right angle to the surfaces, do not act well for crushing except 
for rather brittle substances. But if in addition to their approximation 
they slide upon each other, the crushing effect is increased. 

A cusp received into an accurately fitting depression does not possess 
the greatest efficiency for crushing. Clearance spaces must be provided. 
During the operation of the denture as the food is pressed toward the 
buccal and lingual surfaces of the teeth, grooves between the cusps 
and the interdental spaces are provided for clearance. Grooves run 
down to the bottom of the depressions in the bicuspid and molar 
teeth, and the chief clearance channels are located between the buccal 
cusps of the upper and the lingual cusps of the lower. This carries 
_ the food lingually above the tongue so that it may be manipulated 
more easily, while buccally it is carried downward into the sulcus 
between cheek and teeth, where, because of the peculiar musculature 
of the cheek and because the lower jaw is depressed below this point 
when the mouth is opened, the food is again carried in between the 
teeth. This overhanging of cusps also serves to protect the cheek on 
the outside and the tongue on the inside from being caught between the 
surfaces of the teeth. 

In addition to the fact that the forms of the occlusal surfaces of the 
teeth peculiarly fit them to act as the crushing organs of the mechanism, 
we find that they are adapted for this function in other particulars. 
They are provided with the means of resisting the wear and stress which 
the constant activity of the apparatus entails, 

The enamel of the teeth, the hardest tissue of the body, forms their 
external covering. It gives them a hard, resistant, and highly polished 
surface, and offers its greatest thickness to those parts most exposed to 
wear. The enamel masses are also arranged to give the best mechani- 
cal support in resistance to the force exerted upon the teeth. The 
bulk of the tooth is composed of dentin which confers the necessary 
strength. 

Resistance to the stress of mastication is provided for by the form and 
location of the roots of the teeth. These are all modified cones fitting 
into conical sockets, and as their long axes are generally in line with the 
direction in which stress is exerted upon them, the mechanical advan- 
tage is evident. The force upon the incisors does not always act to 
force them into their sockets (Figs. 34, 35 and 37). For the upper it 
serves to drive them forward as well as upward, and is resisted by the 
flattened labial surface of their roots. The canine is forced upward and 
outward and the labial surface of its root also serves to prevent displace- 
ment in this direction (Fig. 36). The six lower anterior teeth are 
forced downward and inward, the inclination of their roots and their 
arch-like arrangement resisting the strain upon them. The principal 
strain upon molars and bicuspids is vertical, their roots being well 
disposed to resist it (Figs. 38 and 39). The lateral stress upon these 
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teeth, which is largely determined by the height of their cusps, is 
resisted by the direction of their roots. As the principal lateral 
strain upon the upper molar and bicuspid teeth is inward, we have their 
long axes inclined in the direction to resist this (Fig. 38). 


Fia. 36.—Lines of resist- 
ance to force offered by 


Fiq. 34.—Line of re- Fia. 35.—Line of re- 
sistance to force offered sistance to force offered 
by upper central incisor. by upper later incisor. upper canine. (Burchard.) 
(Burchard.) 


(Burchard.) 


incisor and canine teeth. 


Fic. 37.—Lines of resistance to force upon the lower 
(Burchard.) 


Fic. 39.—Lines of force upon a 
lower molar. (Burchard.) 


Fig. 38.—Lines of force upon an 
(Burchard.) 


upper molar. 
The opposite is true of the lower molars whose long axes resist a 


force tending to displace them downward and outward—the direction 


in which strain in mastication is applied to them (Fig. 39). 
The character of the retentive tissues of the teeth tends to prevent 
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and resist strain upon them. The pericementum is composed largely 
of connective tissue fibers extending from the tooth to its socket, and so 
disposed as to support the tooth even under great pressure on its long 
axis, but by their elasticity permitting slight movement in any direc- 
tion. The membrane is also highly vascular, particularly in youth, 
which doubtless also contributes to its resiliency. This mobility 
enables the tooth to resist far greater force exerted upon it than if it 
were solidly attached to the bone, and the independent mobility of the 
teeth makes the denture capable of resisting greater strain than if 
they were a united mass. The teeth mutually support each other 
because of their approximal contact, so that each tooth is thus able 
to resist greater force. The pericementum has upon the tooth a vital 
protective influence as well as a cushioning effect. Black! has reminded 
us that its tactile sensibility is a constant safeguard against overstrain. 

It has been stated that there are a number of characteristics of the 
typical denture which are variable, and that they are all more or less 
directly related, and that they vary harmoniously and proportionately. 

Those which have been mentioned are: 

1. The size and shape of the individual teeth. 

2. ‘The overbite of the incisors and the cusp length of the molars 
and. bicuspids. 

3. The shape of the dental arch. 

4. The curve of Spee or “the compensating curve.” 

5. The inclination of the long axes of the teeth. 

6. The relation of the buccal and lingual cusps of the bicuspid and 
molar teeth. 

7. The shape of the condyle and the inclination of the glenoid fossa. 

In what may be called typical dentures variations in any of the above 
may and do occur without the creation of a departure from the mechan- 
ical design, provided they are associated with variations in other 
characteristics to which they are directly related. The mutual relation 
of these has been pointed out as they were described. The only item 
mentioned which is not a characteristic of the denture is the last, which 
of course determines the path and the manner of movement of the jaw. 
The relationship existing between this and the anatomical form of 
the teeth is the most important one to bear in mind. It has been 
well stated by Walker? that “there is a certain definite correlation 
between the morphology of the morsal surfaces of the teeth” and the 
path pursued by the condyle. 

The foregoing description has been that of the ideal or typical 
masticatory apparatus rather than the normal or usual. Few dentures 
absolutely perfect in every particular exist; it is indeed doubtful if any 
do. A number which are approximately perfect have been used to 
illustrate this chapter. Nature has been prolific in her provision for 
man’s needs in this regard, and while she has furnished few with a 


1 Dental Cosmos, vol. 38, p. 476. 
2 Ibid., p. 576. 
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perfect mechanism, yet within the bounds of what may be termed the 
normal, many dentures exist which, although they fall short of the 
mechanical design described in many particulars, nevertheless serve 
their possessors for purposes of mastication in an entirely satisfactory 
manner. The human organism frequently displays its ability to 
adapt itself to serious shortcomings in the work of this apparatus, but 
it must not be forgotten that the greater the departure from this 
typical design, the less must be the efficiency of the mechanism. 


THE PREPARATION OF FOOD. 


Incision.—Having studied the characteristics of the masticating 
- mechanism, we are prepared to discuss the method by which it func- 
tionates. Prehension, or the seizing of the food, is a function of the 
teeth of some of the lower animals but is unnecessary with civilized 
man. His first act is that of incision, although with the development 
of cutting instruments for food and the cultivation of a conventional 
use of them, even incision is confined to few articles. In the perform- 
ance of this act the lower jaw is depressed from the position of occlusion 
and carried forward, the condyles moving approximately evenly in their 
fosse in this direction, rotation of the jaw about them occurring suffi- 
ciently to permit a grasping of the substance to be incised. The food 
is carried through the lips into contact with the upper incisor teeth, when 
the jaw is elevated and partly retruded, the edges of the lower and 
upper incisor teeth being approximately opposite during the move- 
ment. The more resistent the food, the more nearly will the teeth be 
opposed in their course through it. As soon as their cutting edges come 
in contact, the retraction of the jaw is so combined with elevation that 
the edges of the lower incisors slide up the lingual surfaces of the upper, 
the incisal edges passing each other somewhat after the order of shears. 
In some cases where the normal overbite of the incisors, described 
on page 39, does not exist, the curve of the ‘occlusal surfaces of the 
molars is such that the third molar in its advanced position, due 
to the protrusion of the jaw, is in contact with the second molar 
during incision, thus tending to relieve the strain upon the incisor 
teeth. This is usual where there is an edge-to-edge bite, but with a 
normal overbite it does not occur. 

It will be noted (Fig. 18) from the curve of the occlusal edges of 
the upper incisors, the laterals usually being higher than the centrals, 
that their edges are first opposed in the center, and thus the shearing 
action is carried on in both directions from this point. It is also noted 
that when the edges come into contact the food has been practically 
severed, and that until this time, the direction of the stress upon the 
upper teeth is almost that of the long axes of the teeth, while for the 
lower incisors this is not true until the cutting edges begin to slide 
upon the upper incisors, the stress up to this time being such as to 
displace them downward and forward. 
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Mastication.—Man’s diet consists of food of various degrees of 
physical consistence, and while the tendency of civilization is toward 
such preparation of the food as to lessen the necessity of mastication, 
some of it, indeed, requiring none at all, yet the bulk of it demands a 
thorough trituration to best subserve the body’s needs. The principal 
articles of human diet requiring mastication are meats (animal fiber), 
vegetable fiber, and cereals, and foods made from them. Some of 
the other vegetable products have a hard protective covering which 
must be broken through to give access to the digestive juices, for it 
has been demonstrated that some of them, as grain for instance, might 
pass unaltered through the alimentary canal if this were not done. 
From a mechanical standpoint the essential feature of mastication 
is to crush these various articles of food in order to break up their 
physical organization and reduce the size of their separate particles. 
The object of this operation is to facilitate the action of the digestive 
fluids upon the food and render its passage through the alimentary 
canal easily accomplished. 

After the food has been incised or after an appropriately sized 
portion has been introduced into the cavity of the mouth, it is passed 
back by the tongue to the bicuspid and molar teeth to be reduced to 
small particles. In accomplishing this the jaw executes two more 
or less distinct kinds of movements and, there are various combinations 
of them. The first of these is the direct up and down motion of the 
jaw in which it moves in the sagittal plane; the morsal surfaces are sepa- 
rated and the food placed between them is crushed when they are 
approximated. ‘The great crushing ability.of tuberculated surfaces is a 
well-known mechanical principle, the cones acting as wedges to divide 
the food. ‘The efficiency of the denture in this movement is propor- 
tional to the height of the cusps, sufficient clearance spaces being nec- 
essary, as has heretofore been shown. This motion is peculiar to the 
carnivorous animals, their masticating efforts being practically limited 
to it. Black has stated that this kind of masticating motion is used 
almost exclusively in the mastication of meats by persons with fairly 
normal dentures. The ultimate position attained by the jaw in this 
motion is, of course, as nearly that of occlusion as the crushed fiber 
interposed between the surfaces will allow. ‘The jaw does not always 
close so that the cusps are exactly opposite their respective fossee, 
hence a small sliding takes place to bring the teeth together, but in 
the main the movement is toward the position of occlusion, the food 
being squeezed in a pulpy mass buccally and lingually. 

The other motion, which in its simplest form is similar to that charac- 
teristic of herbivorous animals. is produced during the lateral excursions 
of the jaw. The mandible is depressed and carried to one side, the 
condyle on the side toward which it is moving usually remaining in the 
distal portion of the fossa, that of the opposite side being pulled forward. 
The jaw is then elevated in this lateral position, the food being inter- 
posed, and the rounded buccal cusps of the lower teeth on this side 
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come into relation with the sharp buccal cusps of the upper, the inner 
cusps likewise touching; the food is crushed and cut, a portion of it 
being left to occupy the fosse between the inner and outer cusps. 
The jaw is then pulled upward and inward toward its occlusal posi- 
tion, the food being crushed between the rounded and strong lower 
buccal cusps and upper lingual cusps. With this movement is fre- 
quently combined a slight protrusion, though this is largely a matter of 
habit, and is not by any means necessary for the most efficient action 
of the teeth. While this is occurring on one side, on the other the 
teeth are not brought into the same functional relations. The high 
cusps above and below are usually in contact at one or more points, 
which serves to prevent strain and offers resistance to the elevator 
muscles of this side which contract simultaneously with those on the 
opposite side. This side does not functionate during the excursion 
of the jaw to the other side, because only the upper lingual and lower 
buccal cusps are in contact. This motion is used in the crushing of 
cereals and food made from them, and is by far the more effective of 
the two. It is also used in crushing most of the brittle and very hard 
substances. In the normal denture mastication of this nature takes 
place instinctively upon the two sides alternately, although this is 
largely a question of habit. 


Dr. Head’s Dr. Black’s 

pounds. pounds. © 
Rawidabbage = 2! 3." 2 ae Ss Be ee 16 40-60 
Raw onion MPN irk Wa Ok mee, 4 
Head letiiuce:?. 2% sew sees oe ee 8 23-30 
Radish; whole broke 22 “) ge ae ee ee eee 20-25 
Pieces radish, pulverized os eA peer ee er eet a es 35-40 
Corned -béefite 32k aie Te i ee ee See eer 30-35 
Boiled beef SPT ee ee: Mpgeeiesste Sang een Reine ete 3 
Tongue De SS EE SRE Yop SOMES, OW a ee 1- 2 3- 5 
Lamb chop 34 aya Were ae od a a ae nea I ee Ae DR cat 
Roast lamb ee a ee NE 8d 4 
Roastaamb: kidtiew, sucks cae lee ele een 3 
Tenderloin of beefsteak (very tender). . . . 8 9 35-40 
Sirloiiesteak sk! Pe Fee ae ee ae ee es 
Round of beefsteal, totigh™ 75-. oy kee Ge eo es 60-80 
Roast beef eS ERED ee atne s ON TeaLy aa ee Le 35-50 
Boiled ham". -; (Ga ae ee ee ea 40-60 
Broiled. harm fos. 3 ise oe ee ee ee ae 
Pork chops con ay ng eek LOT ROE ey SB ooh ge Ae IGE os Tease! 20-25 
Roast veal Sete ae Ur eee eee eae a 16 35-40 
Veal chops onal a a? eer 2 BA eee 12 
Roast. mutton 3. "° a eee 


The force required in crushing various articles of human diet, by an 
up and down motion, has been investigated by Black.! He used an 
instrument consisting of two molar teeth carved from brass, which are 
forced against corresponding teeth by the direct thrust of a sliding bar. 
Head? has reduced the figures thus obtained by Black by the use of a 


1 Dental Cosmos, vol. 38, p. 484. 
2 The Human Skull Used as a Gnatho-dynamometer to Determine the Value of Tri- 
turation in the Mastication of Food; paper read before Union Meeting, Washington, 1906. 
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device for producing a triturating as well as a crushing movement. 
He utilized ‘“‘a natural skull with practically perfect molars of average 
size.” This was inverted, arranged with weights suspended from the 
lower jaw, and “so tipped that the force of gravity would, during 
mastication, give a sliding or triturating motion.” The comparative 
table, appended on page 58, gives the results in pounds obtained by 
these two investigators. 

Mastication is a voluntary act, but the codrdinating mechanism once 
having been set in motion by the will, it continues reflexly and auto- 
matically, and is independent of conscious action. The food, having 
been passed into the mouth, is carried back to the molar and bicuspid 
teeth and crushed after the manner already described. The tongue 
is the principal agent in keeping it between the crushing surfaces. 
The tonic contraction of the orbicularis oris in the lips and the buccin- 
ator in the cheeks opposes the tongue, active action of either occurring 
when necessary, while within the arch the tongue shifts the food from 
side to side between the morsal surfaces as may be necessary, the rugee 
affording a rough surface upon which it may be rolled. The saliva, 
which is constantly secreted in the mouth and which flows in greater 
abundance under the stimulation of the presence of food and of masti- 
cation, is mixed with the food. It softens the food, dissolving some of 
its soluble constituents, adds a digestive ferment, and its mucin assists 
in agglomerating and lubricating the mass for deglutition. It also 
lubricates the soft tissues which play about the teeth. During the 
process of mastication the teeth not only crush the food, but also func- 
tionate as organs of exquisite tactile sensibility, giving instant knowl- 
edge of the location of the alimentary particle and of its physical 
consistence. 

Deglutition.—After the food has been masticated and mixed with 
saliva, it is gathered into a bolus upon the tongue, the edges of which 
are curved upward to form a gutter. The anterior portion, being 
lifted by its intrinsic muscles and the stylo-glossus, is in contact with 
the anterior portion of the palatal vault, the rugs affording here also 
a roughened surface against which it is placed. The soft palate is 
then lifted by the levatores palati to touch the posterior wall of the 
_ pharynx, which has been bulged forward to meet it by the action of its 
superior constrictor. At the same time the funnel-shaped pharynx is 
brought up by the palato-pharyngeus and the stylo-pharyngeus to 
cover the mass, which is then shot past the pillars of the fauces by the 
pressure exerted upon the tongue by the contraction of the mylo-hyoid 
and of the hyoglossi (Kronecha and Metzger); the opening into the 
larynx is closed by the contraction of the lateral crico-arytenoidsand the 
constrictors of the glottis, by the elevation of the larynx, and partly by 
the epiglottis, although the part taken by the latter structure is of small 
importance. The peristaltic action of the esophagus then carries the 
food to the stomach. 
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THE LOSS OF THE TEETH. 


It is beyond the purpose of this work to discuss the causes which 
result in the loss of the teeth. Suffice it to say on this subject that the 
absence of the teeth is so frequent an accompaniment of old age as to. 
be looked upon as one of its usual features. An edentulous condition 
is not the result of natural physiological processes analogous to those by 
which the accommodation fails from a weakening of the ciliary muscle 
and a hardening of the crystalline lens, or the hair turns gray in old age 
from a disappearance of its pigment. The teeth are lost from patho- 
logical processes which either receive no treatment or are unsuccess- 
fully treated; from accidental causes; or are removed surgically in 
the treatment of diseased conditions. Unfortunately it frequently 
happens that they are lost from these causes before the period of old 
age. 

Effect upon Mastication.—'The effect of the loss of the teeth upon 
the masticatory function may be readily understood since their part in 
it has been described. As each tooth performs a definite portion of the 
work of the mechanism, its loss is followed by a definite interference 
with that work. The loss of one tooth deprives the opposed series of 
one of its antagonists, and renders it functionally useless at this point. 
The loss of a tooth also deprives the adjacent teeth of the support of 
approximal contact. While some teeth are more important than others 
and their loss is followed by more serious consequences, yet in general, 
the loss of teeth having antagonists increases proportionately the 
deficiencies of the apparatus. 

The function peculiar to any class of teeth is affected by their loss. 
When the incisors are missing, the incisive function suffers; when the 
molars and bicuspids are absent, the trituration of the food is interfered 
with. ‘The function of the lost teeth is partly taken up by those which 
remain. ‘The incisors are frequently called upon to perform the work of 
the molars and bicuspids, a service for which they are in no degree 
suited, and one which ultimately causes them to be unduly abraded, and 
also results in an approximation of the jaws distally, and establishes 
conditions which complicate the subsequent insertion of artificial — 
dentures. The molar and bicuspid teeth remaining on one side of the 
mouth may have to perform all the mastication which should have 
_been divided between the two sides. This condition is also followed 
by unnatural consequences, because the apparatus is designed for 
symmetrical operation. The usual result is a distortion of the normal 
relation of the jaws, anda movement of the remaining teeth under the 
unnatural masticatory force. 

The assumption of the whole masticatory function by a portion of 
the denture may continue satisfactorily for a while, and the digestive 
process may not suffer, because in the alimentary tract there occurs a 
large amount of adjustment to the conditions in the mouth. The , 
more slowly the teeth are lost, the more readily will this adjustment 
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take place. ‘The food habit usually alters naturally in the course of 
the process, articles requiring little trituration or those previously sub- 
divided being utilized in increasing proportion; this being especially 
true as the period of old age is reached. There is also an alteration in 
the secretions to harmonize with the changed conditions. Lefoulon has 
pointed out the compensatory increase in the flow of saliva which takes 
place at this time. 

It is evident, however, that the metabolic balance must sooner or 
later be disturbed by the decline of the masticatory apparatus. Oecefele! 
has shown that there is a marked failure in the digestion of starches by 
those who have lost their molar teeth, and Richard? has called attention 
to the fact that in some animals, vegetable particles may go through 
the alimentary canal practically unchanged, unless their natural pro- 
tective covering had been broken by the teeth. 

When mastication is defective, not only is there a failure to assimi- 
late the food, but since particles of too great size for gastric digestion 
are swallowed, peristalsis is delayed, fermentation takes place, and 
pathological processes ensue in the stomach and intestines. The gas- 
tritis and enteritis which are frequently observed in edentulous patients 
give clinical evidence of the truth of this assertion; and the removal of 
the cause—that is, the restoration of the masticatory function by the 
insertion of satisfactory artificial dentures, is usually followed by a dis- 
appearance of these conditions. 


CHANGES IN THE JAWS FOLLOWING THE LOSS OF THE TEETH. 


The principal changes which occur in the jaws after the loss of the 
teeth take place in the alveolar process. This structure is developed 
with the teeth, furnishes them with support, and is largely resorbed 
after they are lost. When a tooth of the permanent denture is 
extracted, its socket in the process of repair is partially filled up with 
eancellated bone tissue, which in turn becomes covered over with 
cortical bone tissue and mucous membrane. ‘There is a resorption of 
the margins of the socket, particularly of those corresponding to the 
outer and inner plate, and a general rounding and lowering of the 
alveolar process, and a loss of contour at this pomt. This change is 
repeated each time a tooth is lost, so that after the loss of all the teeth, 
the alveolar ridge persists as a rounded ridge. The process of resorp- . 
tion differs somewhat in the two jaws and differs in accordance with 

the conditions which have preceded or attended the loss of the teeth. 
When resorption of the margins of the sockets in the condition com-_ 
monly designated pyorrhea alveolaris has preceded the loss of the teeth, 
the alveolar ridge will be found but poorly marked, and the overlying 
soft tissues which have been the seat of chronic inflammation will be 
found soft and non-resistant. This furnishes the poorest base for an 
artificial denture. 


1 Dental Rec., vol. 25, p. 160. eka 
2 De la prothése dentaire, Thésé pour le doctorate en médecine, Paris, 1866. 
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The Upper Jaw.—After the loss of the teeth the maxille undergo 
change in form and size. Most of the resorption of the alveolar process 
takes place at the expense of the external plate, the internal plate being 
modified only as resorption of the top of the ridge proceeds. The 


Fic. 40.—Edentulous upper jaw, Fig. 41.—Edentulous upper jaw, showing 
showing thin alveolar ridge. flat alveolar ridge. 


resorption of the external portion of the ridge generally occurs progres- 
sively. The ridge becomes more rounded, lower, and gradually less 
pronounced (Fig. 43). When the alveolar process was originally high 
and narrow, the resorption of the external plate reduces its thickness 
and it persists as a thin well-marked ridge. (Figs. 40 and 44). The 


Sule 


Fig. 42.—Section showing extreme resorption of the alveolar ridge. (Cryer.) 


ultimate state which the jaw may reach is that in which the whole 
roof of the mouth is flat (Figs. 41 and 42). This occurs only in unusual 
cases. In extreme cases there is a falling in ofthe cartilaginous septum 
of the nose from the resorption anteriorly (Fig. 45). 
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The palatal vault is the part of the jaw in which the least change 
occurs, as the resorption takes place on the external side of the ridge 
and on top. This may be noted by reference to Fig. 41, which shows 
an edentulous jaw. When this is compared with one with the full 
complement of teeth (Fig. 15), reference to the anterior palatine fora- 
men; the position of which does not change after the loss of the teeth, 


Fig. 43.—Section showing considerable resorption of the alveolar ridge. (Cryer.) 


and which in theliving subject corresponds approximately to the incisive 
pad of the rugz, will show that most of the resorption has occurred 
external to this point. | 

The extreme degrees of resorption of the process are caused by 
stimulation of the giant cells from pressure in masticating the food 
directly upon the gums, from ill-fitting dentures, or from other causes. 
Properly fitting artificial dentures prevent, in a great measure, this 


_ Fia. 44.—Profile view of edentulous upper Fig. 45.—Profile view of edentulous upper 
jaw, showing thin alveolar ridge. jaw, showing considerable resorption. 


resorption. Artificial dentures arranged with occlusion at one point 
only are frequently productive of a localized resorption of the process, 
which complicates the successful fitting of new dentures. One of the 
most commonly observed cases of this sort is that in which a full upper 
artificial denture is antagonized only by the six or eight lower natural 
anterior teeth, there being no teeth posterior to this point, resorption 
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of the alveolar process of the maxille in front occurring as the result of 
of the undue pressure upon it. 

The Lower Jaw.—The changes occurring in the alveolar process of 
the lower jaw are similar to those which occur in the upper. In 
discussing the phenomena otf growth and resorption in the mandible, 
the character and extent of these changes are well described by Sir 
John Tomes as follows: ‘In the great majority of specimens a small 
foramen is situated: in the median line immediately above the upper 
pair of tubercles (genial), and when present, this may be selected as a 
point from which totake . . . - dimensions. Unfortunately it is 
sometimes wanting or is represented by a similar aperture below the 
spinee mentales. In a series of jaws taken from very old subjects in | 
whom the teeth had been lostand the alveolar process had beenabsorbed, 
the foramen holds to its original position. If these specimens are 


Fic. 46.—Internal view of the half of an edentulous mandible, showing character of 
the resorption of the alveolar process. There is considerable resorption posteriorly, 
but very little in the anterior portion of the process, as the teeth have been lost here only 
a short time. 


subjected to measurement we find that this aperture is within 3/5 to 7°y 
‘nch of the alveolar margin, showing a loss in the oldest jaw of 7 
while it is separated from the lower border of the jaw by 3%; inch, the 
loss in this direction being inappreciable” (Fig. 46). The alveolar 
plates of the mandible, according to Cryer, resorb more evenly than 
in the upper jaw, usually a small ridge remaining to indicate the posi- 
tion of the former process and teeth. The external oblique line which 
descends from the anterior margin of the coronoid process, is, always 
external to the location of the former alveolar ridge. In cases of 
extreme resorption the ridge is entirely obliterated, and commonly 
there is less ridge in the lower jaw than in the upper. 

Only slight change occurs in the body of the bone, as has been 
mentioned above. A noticeable change, however, occurs at the angle 
of the jaw. Fig. 47 illustrates the cycle of change occurring in this 
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region between the time of the completion of the deciduous denture 
and old age. Since the vertical distance between the jaws is increased 
in adult life to accommodate the permanent denture, there must 
necessarily be a change in the angle of the jaw to make this possible. 
The average angle made by the body and ramus of the jaw in an adult 
is about 120 degrees. While the natural teeth are in position, no change 


Fic. 47.—Specimens showing the angle formed by the ramus and. the body of the 
mandible. A, at the time of completion of the temporary denture; B, in adult life; C, 
in old age. (From a photograph of specimens in the Wistar Institute of Anatomy.) 


occurs in the relation of the jaws except a slight approximation due to 

the wear of the teeth. If the teeth remained there would be no appre- 

clable alteration of the angle of the jaw. As age advances and as the 

back teeth are lost, the powerful traction exerted by the muscular 

apparatus upon the anatomical angle of the jaw, the forward end of the 

jaw being in occlusion through the anterior teeth, causes a flattening 
i) 
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of the angle and at the same time the symphysis is carried forward. 
After all the teeth are lost, this becomes still more evident. Slight 
change occurs also at the condyle where a general flattening takes 
place. There is also an alteration of the glenoid fossa corresponding 
to this. Its pronounced margin is lost and it becomes in general 
more flattened (Fig. 4, D and £). 


Fra. 48.—Skull showing relation of edentulous jaws; profile view. (From photograph of 
a specimen in the collection of Dr. M. H. Cryer.) 


Fic. 49.—Skull showing relation of edentulous jaws; viewed from below. (From photo- 
graph of a specimen in the collection of Dr. M. H. Cryer.) 


The Relation of the Jaws.— “‘As the resorption of the alveolar process 
goes on, the vertical distance between the body of the lower jaw and 
that of the upper is lessened, while the natural difference in their 
width is increased. The area of the upper jaw becomes smaller in 


- VOICE AND SPEECH 67 


proportion to that of the lower, the axes of the mandible extending 
further outward. In the endeavor to close the jaws under these 
circumstances, the lower is projected further forward as it rises to 
meet the upper, until, in extreme cases, it may pass absolutely outside 
of the upper.” Figs. 48 and 49 give two views of an edentulous skull 
and show the relations of the jaws. 


VOICE AND SPEECH. 


Voice.— Voice is the audible sound originating in the vibrations of 
the vocal cords and reinforced by the resonance of air cavities situated 
in the head and chest. The apparatus by which it is produced consists 
of: (1) The lungs, chest walls, and muscles of expiration, which 
furnish the motive power; (2) the larynx, in which are situated the vocal. 
cords; (3) the chest cavity below, and pharynx, mouth and nose above, 
which constitute the resonating chambers. When the air is forced 
out of the lungs by the contraction of the chest muscles and at the same 
time the vocal cords are approximated and made tense, their edges are 
set In motion and a sound is emitted. The cords themselves are 
capable of producing only a feeble sound,? but when they vibrate close 
to self-sounding bodies as the air in the cavities above mentioned, this 
air is thrown into sympathetic vibration and the volume and character 
of the original sound are altered. The sound made by the cords is 
not a simple musical tone but is a complex “note made up of a funda- 
mental tone combined with upper partial tones,” overtones, or harmon- 
ics, of which as many as sixteen in some instances accompany the 
fundamental. When the air contained in the resonant cavities is 
thrown into vibration, it is capable of emitting a musical note, the 
pitch of which depends either upon the size of the cavity or upon the 
size of the opening by which it communicates with the external air. 
The larger the cavity or the smaller its opening, the lower will be the 
pitch and wice versa. The resonant cavities reinforce either the funda- 
mental tone, or the harmonic of the laryngeal sound, which corresponds 
to the pitch to which they are tuned, so that alterations in their shape 
largely determine what is known as the quality of the voice. 

The voice possesses in common with other musical sounds three 
characteristics: (1) Pitch; (2) loudness; (8) quality. The pitch is 
determined by the tension of the vocal cords; the tighter they are 
stretched the higher will be the pitch. Loudness is proportional to the 
strength of the expiratory blast, and is also related to the resonance 
of the cavities above and below the larynx. ‘The quality of the voice 
is dependent upon the character or form of the sound wave, and is 
related to the number and relative intensity of the overtones or harmon- 


1 Cryer, M.H.: Internal Anatomy of the Face, p. 168. 
2 Sewall: American Textbook of Physiology, vol. 2, p. 421. 
3 Helmholtz, quoted by Sewall: American Textbook of Physiology, vol. 2, p. 435, 
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ics which accompany the fundamental tone. The form of the wave is 
determined by the state of tension of the vocal cords, and by the 
form and size of the air cavities, which act as the resonating chambers. 
The air cavities, whose pitch may be changed at will, contribute 
by their resonance, now to reinforce this tone and now that, so that any 
overtone or the fundamental may be intensified by change in the shape 
of the resonant cavities. 

The esthetic value of a human voice depends upon the number, 
character, and relative intensity of the overtones which accompany its 
fundamental tone. This tone quality is determined by the power of 
adjustment of the larynx, in which the tones are produced, and by the 
precision of the muscular adjustments regulating the resonant pitch 
of the air cavities in which the tones are accentuated. The capability 
of the larynx is the more important of these factors, but it is evident 
that ability to correctly attune the resonating chambers is a necessary 
adjunct. | 

The mouth is one of the most important of these resonant cavities. 
Its form is altered by the depression of the mandible and by the move- 
ments of the tongue. The soft palate also assists in this process, its 
chief function, however, being to separate the mouth and nose cavities. 
Increase in the size of the mouth causes a corresponding lowering of 
its pitch. The lips serve to increase or diminish the opening communi- 
cating with the outside air; the larger the opening, the higher will be 
the fundamental note of the cavity; the smaller the opening, the lower 
will be the note. 

The pharynx is changed in shape by the rising and falling of the 
larynx, while the resonance of the nasal chambers and the air cells 
communicating therewith cannot be altered at will. The resonance 
of these cavities may be controlled only as they are added to or sepa- 
rated from the mouth space by the action of the soft palate and tongue. 

Those portions of the air cavities which are uninfluenced by muscu- 
lar action are but passive factors in regulating their resonance. It 
is by the adjustment to these of the soft and movable parts that 
variations in their resonance are produced. Therefore the change in 
the fixed parts of the mouth caused by the loss of the teeth, necessitates 
a change in the muscular adjustments, and requires new codrdinations 
on the part of the tongue. The lips and cheeks, which are no longer 
supported by the teeth, fall in and complicate the process of adjust- 
ment. This change in the fixed portion of the mouth is almost always 
succeeded by changes in the qualities of the voice, although the 
speaking voice is altered less than the singing voice, in which more 
precise muscular codrdination 1s required. | 

Speech.—Articulate speech by means of which man communicates 
his thoughts, has for a long time been divided by scholars into vowel 
sounds, or those produced in the larynx and modified by the position 
of the various mouth parts, and consonant sounds, which are noises 
accompanying the other sounds and are largely made in the mouth. 
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Language consists in the regular progression of these sounds, which 
either singly or in combination represent ideas. 

Vowels. —The vowels are the true laryngeal sounds, origmating in ae 
vibration of the vocal cords and determined by their state of tension and 
by the peculiar resonance of the pharynx, nose and mouth. For any 
given vowel the posture of the mouth parts is the same, that is, this 
cavity is tuned to a definite pitch, the difference in the actual pitch of 
the vowel being determined by the tension of the vocal cords and by 
the size of the pharynx. In tuning the cavity for the sounding of 
ah (father), o (own), and oo (shoot), the tongue does not touch the palatal 
vault, but in a (ate and e (met), its sides touch the molar and bicuspid 
teeth and adjoining mucosa. The vowels are closely related, for the 
position of the mouth parts for one vowel easily changes to that for 
another. It is evident therefore that the changed conditions of the 
mouth incident to the loss of the teeth require new muscular adjust- 
ments to enable the mouth cavity to be tuned to the proper pitch for 
each vowel. 

Consonants.—In the production of most of the consonant sounds, 
a current of air is interrupted or stopped at some point during its exit 
from the lungs, the noise resulting therefrom being the consonant sound. 
Some consonants, however, may be sounded only in conjunction with 
a vowel, in which case the consonant is only a superadded noise to the 
laryngeal sound and is due to the peculiar resonance imparted by the 
mouth and nose cavities when they are properly disposed for the 
formation of the consonant. In other consonants the sound originates 
in the mouth, from vibration of the mouth parts caused by an incom- 
plete obstruction to the air current, while in others there is an explosive 
sound due to the sudden stoppage or starting of the air current. 

The following table! gives a classification of the consonants according 
to the place at which they are formed: 


Oral. 
Nasal 
Momentary. Continuous. continuous 
Place of articuiation. hee __| sonants 
with 
Surds Sonants Surds Sonants voice. 
without with without with 
voice. voice. voice. voice. 
a ae MPD ited oS rein Ne p b fe WwW m 
Lips and festh: dy A ase Tee ier Chae ie Vv 
Tongue and teeth . . ae Pls! th (in) th (y) 
Tongue and hard palate Herward) . t d 8, ¢ (ity) ee n 
Tongue and hard palate (back) . . ch j sh Z,7 
Tongue, hard and soft palate : shee uke aaa y, 1 
Tongue and soft palate . . . .- |k,c (at) g ae Ate ng 
Various places . ig RS Or eee h 


1 Sewall: American Textbook of Physiology, vol. 2, p. 437. 
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A careful study of this table will show that the factors determining 
any given consonant are the strength of the expiratory blast, the pres- 
ence or absence of voice, and the position of the mouth parts. 

Mechanism of the Production of the Consonant Sounds.—In the for- 
mation of the P and B sounds, the air blast meets no interference in 
the mouth because of a narrowing of the channel, but is interrupted at 
the lips by their sudden opening or closure (Fig. 50). In P there is 
greater air pressure and greater suddenness in the stoppage or starting 
of the current. In K and G also the channel is unaltered, stoppage ot 
the blast occurring at the posterior portion of the palatal vault by the 
application of the base of the tongue to the soft palate. In G the 
air pressure is not so great as in K and the tongue touches a larger 
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Fic. 50.—1, diagrammatic drawing showing place of articulation of the consonant 
sounds; 2, drawing showing contact of the tongue with molars and bicuspids in the 
formation of certain consonants. 


area. In Land M and NG the channel is not changed by the appli- 
cation of the sides of the tongue to the vault. In L the tip of the 
tongue touches the process back of the incisors, while the air current 
divides and escapes around its sides. In M and NG the air current 
escapes through the nose. 

In all the other consonant sounds except H, an air channel is made 
by means of the tongue to direct the blast either upon some point at - 
which there is a partial obstruction or upon some point at which it 
is stopped. For this purpose the tongue is applied to the sides of the 
palatal vault touching the molar and bicuspid teeth and the process 
adjoining, and forms a sort of gutter through which the air is expelled. 
The position and area of this contact varies with the different letters. 
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In the formation of T and D the lips are open and the tongue touches 
the alveolar border with its tip and sides, the tip being depressed as 
the current of air is ejected. In T the pressure of the blast is greater 
than in D. In CH and J the tongue is pressed upon the alveolar 
border at its sides and tip, and the air current is forced between the tip 
and the anterior portion of the palate. The noise is made between the 
palate and the tip of the tongue. 

In N the oral cavity is closed by the placing of the tip of the tongue 
against the palate instead of by the closure of the lips as in M. The 
air escapes through the nose in these consonants, and a peculiar nasal 
resonance is added to the voice sound. 

In articulating the sounds S, Z, Th, Sh, Zh, F and V the air current 
produces a blowing sound due to its impingement upon some portion of 
the channel. In the F and V sounds the lower lip is in contact with 
the incisal edges of the upper teeth, the tip of the tongue being pressed 
against the lower incisors, while its sides touch the last molar teeth 
and alveolar border, and guide the air between the lip and teeth. In 
the formation of S the air is forced past an incomplete obstruction, 
the edges of the adjacent tissues being set in vibration by the current. 
The teeth are almost in contact, the lips slightly open, the tongue curls 
upon the sides to touch the molar and bicuspid teeth as far forward 
as the canine and the adjoining palatal vault, leaving a narrow opening 
in front for the egress of the air. The end of the tongue touches the ° 
lower incisor teeth, and the sound is caused by the impingement of 
the air upon the edges of the closed teeth. Z and C (soft as before E 
and I) are made in the same way, the difference in the intensity of the 
blast differentiating them. 

In Sh and Zh the air is forced by two obstructions, one caused by the 
arching up of the tongue to nearly touch the palate, the other caused 
exactly asin S. X is a combination of the S and K sounds. 

In Th the tip of the tongue is placed between the upper and lower 

incisors, the air channel being formed by its sides as in some other 
- consonants. ‘The edges of the upper teeth are set in vibration by the 
air. 
“Lingual R” is produced by having the sides of the tongue in contact 
with the molar teeth and palate to direct the current upon the tip of 
the tongue, which is curved upward toward the palate and thrown into 
irregular vibrations by the blast. 

In H! the air current meets no obstruction in the mouth, the vibra- 
tions producing the sound of the consonant being those of the separated 
vocal cords. As W is a combination of H and V, its production needs 
- no separate description. | 

The above description is that of the method of producing these sounds 
when the apparatus is in its normal state. A change in any of the parts 
concerned in this process must result in an interference with the correct 
articulation of the sounds. 

1 Sewall: Op. cit., p. 438. 
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It will be seen that so far as the part taken by the mouth in the pro- 
duction of these sounds is concerned, interference with the mechanism 
by which the air channel for a given consonant is formed, or with that 
by which the air is obstructed or stopped, must necessarily be followed 
by an interference with the proper articulation of that sound. The 
channel is formed by the adjustment of the tongue to the teeth and 
the sides of the palatal vault, and the obstructions and interruptions are 
made through contact of the tongue with the teeth, or the hard or soft 
palate, or of the lips with each other, or with the teeth. The loss of - 
the teeth, the resorption of the process, which alters the form of the 
palatal vault, and the change in the relation of the jaws must all have a 
serious influence upon articulation. This is also complicated by the fall- 
ing in of the lips and cheeks which are supported by the teeth and 
alveolar process. The tongue is the principal organ of articulation and 
may learn to accommodate itself greatly to the change in the parts to 
which it is applied in the production of the sounds, but it is evident in 
some instances that satisfactory adjustment cannot take place. 

The loss of the incisor teeth affects the sounds articulated in this 
region. When a single upper. incisor is missing, at this point there is 
an escape of air in some of the codrdinations in which it should be 
confined, and the sound of S seems to be made. One of the commonest 
defects from absence of the incisors is in the formation of Th, the air 
escaping and giving an S sound instead. When the. upper incisors 
are lost, the F and V sounds are difficult to make, the lower lip having 
to accommodate itself to the alveolar ridge or to the upper lip, and 
the sound approximating P or B. In some cases the S sound itself is 
difficult, especially if both upper and lower incisors are missing, Sh 
and Zh being similarly affected by this condition. T and D are also 
sometimes difficult to enunciate, especially if there has been much — 
resorption of the alveolar process at the point where the tip of the 
tongue presses. 

As the molar and bicuspid teeth and adjoining mucosa form part 
of the lateral walls of the air channel in the enunciation of a number 
of consonants, deficiencies here affect speech also. The tongue 
cannot close the sides of the air passage, and the current escapes into 
the cheeks. T, D, Ch, T, Th, Sh, Zh, S, Z and C are principally 
affected and especially so when followed by the vowels A or E, con- 
tact of the tongue with the sides of the vault being also necessary 
in making these vowel sounds. F and V may occasionally suffer, 
and sometimes the tongue cannot shut off the air in N and it escapes 
into the mouth, destroying the full nasal resonance characteristic of 
this letter. . 


THE EXPRESSION OF IDEAS AND EMOTIONS BY THE FACE. 


The expression of thought and feeling in man is accomplished for 
the most part in three ways: By gesture, by speech and by writing. 
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Speech is the means in most universal use, gesture being chiefly 
employed to supplement language, while the utility of writing is 
naturally restricted because of the conditions required for its perform- 
ance. Besides containing the organs of articulate speech, the face 
performs expressional services which are not included under any of the 
above headings. These consist of the movements of associated 
groups of facial muscles which occur simultaneously with the existence 
of certain emotions or which express some idea of the mind. The 
muscular movements and the effect they produce upon the countenance 
are the accompaniment and the outward manifestation of the psychic 
state. According to Mantegazza! they have two diverse functions; 
they may replace or complete language, or they may defend the nerve 
centers or the parts of the body against dangers of different kinds. The 
forms of facial expression are the same throughout the world? and 
are too familiar to require description. : 

As one of the most mobile features of the face, the mouth partici- 
pates largely in its expressive movements. The loss of the teeth 
interferes with the performance of this function of the mouth; it is 
purposed therefore to give a brief account of the mechanism by which 
the facial movements are effected, to point out the part taken by the 
mouth, and to indicate in what way the absence of the teeth interferes 
with the muscular action. ah 

Before discussing this mechanism, however, it will be necessary to 
_ clearly differentiate between the terms “facial expression” and “the 
expressive movements of the face.” The former alludes to the coun- 
tenance, its form, contours, surface, muscles—in short, its anatomy; 
while the latter refers to the contraction of the facial muscles which 
produces the movements expressive of ideas and emotions. Facial 
expression will be treated under a separate heading. 

The Facial Mechanism of Expression.—'The mechanism of the expres- 
sional movements of the face consists of: (1) A bony framework, the 
facial skeleton; (2) the muscular apparatus, technically referred to as 
the muscles of expression; (3) the connective tissue, fat, and over- 
lying integument which complete the face. 

The facial portion of the skull gives form to the countenance. It 
also contains some of the special sense organs which are features of 
the face, and it affords points of origin for the muscles of expression. 
The skin of the face is very thin, elastic, and loosely adherent to the 
underlying structures. Over the nose, however, it closely adheres to 
the bone and cartilage, and over the chin it is closely united to the 
mandible through the medium of the intervening tissue. The super- 
ficial fascia underlying the skin is intimately united to it. It is very 
loose and cellular, contains large amounts of fat, and permits great 
mobility of the integument. The facial muscles, illustrated in Fig. 51, 
are numerous. For the most part they are superficial and are closely 


1 Physiognomy and Expression, p. 80. 
2 Darwin, C.: The Expression of the Emotions in Man and Animals, 
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attached to the under surface of the skin. This arrangement permits 
them to produce in the skin the folds and depressions associated with 
their movements. 

The facial muscles of expression (Fig. 51) may be divided into three 
groups—those centering about the eye, about the ala of the nose, and 
about the mouth. They are all concerned in the expressive move- 
ments of the face, but as we are interested only in the part played by 
the mouth, we shall discuss only the muscles operating in this region. 
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Fia. 51.—The facial muscles of expression. 
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The orbicularis oris which surrounds the aperture of the mouth is 
the common meeting ground of the muscles of this group. It consists 
of two portions—the labial, which occupies the red border of the lip, 
and is narrow, thick, and regular, and the facial, which is wider and 
thinner, and spreads out into a wide band just beneath the skin around 
the oral orifice. Joining these two portions are a large number of 
muscular fibers which run antero-posteriorly from the skin on the 
outside to the mucous membrane on the inside. This muscle consti- 
tutes the larger portion of the substance of the lips, and gives them 
their fleshy characteristics. The labial portion of the orbicularis has no 
attachment to the bone beneath it. At the angle of the mouth it is 
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deeply situated and intimately connected with the buccinator muscle, 
decussating fibers of which pass above and below this point to be lost 
in the upper and lower lip. The facial portion has only three small 
bony attachments on each side. The largest of these are the naso- 
labial slips, which are slender bands passing up to be attached to the 
anterior nasal spines, and which correspond on the external surface to 
the philtrum. Two other slips are attached to the incisive fossx in 
the upper jaw, and two smaller slips are inserted in the incisive fosse 
of the mandible. The orbicularis is not truly speaking a sphinc- 
ter muscle as that term is applied to orificial muscles of other parts of 
the body. It is doubtful if any of its fibers are continuous around 
the aperture. When the labial portion alone contracts, it everts the 
lips and diminishes the width of the mouth. The facial portion serves 
to press the lips against the teeth and adjoining process. Its two por- 
tions oppose the other mouth muscles. 

Arranged radially about the mouth and united to the orbicularis are 
the other muscles of this group. They are the levator labii superioris 
aleeque nasi, the levator labii superioris proprius, the levator anguli 
oris, the zygomaticus major, the zygomaticus minor, the depressor 
anguli oris, the depressor labii inferioris, the levator labii inferioris 
and the risorius. 

The points of origin from the bones of the face and the points of 
attachment to the orbicularis indicate the line of action of these muscles. 
The anterior teeth and alveolar mucosa form a base upon which the 
tissues of the lips may be moved by them. The mucous membrane is 
lubricated by the saliva and permits an easy sliding of the lips upon the 
underlying structures. The canine tooth and eminence are especially 
‘Important as a base of support for these movements. They underlie 
the corner of the mouth and afford a prominence over which the lips 
may be pulled by the muscles attached to the angle of the mouth. 

The action of the individual muscles constituting this group has been 
carefully investigated by Duchenne,! who has given a detailed account 
of their effect upon the countenance. It is beside the purpose of this 
work to discuss the significance of these movements in great detail. 
The reader is referred to the literature on the subject for more minute 
particulars. In order, however, that the reader may understand the 
usual meaning of the contraction of these separatemuscles, the following 
account of their action is appended. 

The levator labii superioris aleeque nasi is the principal muscle in the 
expression of contempt and disdain. It dilates the nostrils and raises 
the upper lip and draws it slightly forward, and with the other levator 
muscles increases the prominence of the cheek below the orbit. It 
helps to develop the naso-labial fold. When it contracts with the other 
levator muscles of the upper lip, an appearance of sadness and grief is 
produced. The levator anguli oris draws up the angle of the mouth, 


1 Mecanisme de la physiognomie humaine ou analyse électro-physiologique de l’expres- 
‘sion des passions, Paris, 1876. 
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pushing up the lower eyelid as in crying. The zygomaticus major is 
the muscle of joy or laughter. It draws the corner of the mouth back- 
ward and a little upward. The zygomaticus minor assists in drawing 
upward and outward and backward the outer corner of the upper lip 
but not the corner of the mouth. It produces an expression of sadness. 
The depressor anguli oris (triangularis menti) draws the corner of the 
mouth backward and downward and is necessary in the expression of 
sadness or grief. The depressor labii inferioris (quadratus menti) 
draws the lower half of the lower lip downward and a little outward. 
With its fellow of the other side it draws the lip directly down and 
slightly everts it. It is used in the expression of irony. The levator 
labii inferioris acts with its fellow in raising the lower lip. It protrudes 
the chin, as in pouting, and produces dimples in the skin of the chin. 
It is used in the expression of doubt and disdain, especially when aided 
by the triangularis menti. The risorius or muscle of Santorini is 
ordinarily spoken of as the smiling muscle. It draws the corner of 
the mouth directly backward and produces what is known as the 
“sardonic grin.” The platysma myoides muscle must be mentioned 
in this group because a few of its fibers really constitute the risorius 
muscle. It is attached above mainly to the subcutaneous periosteum 
of the lower jaw from the symphysis backward. Its middle and 
anterior parts assist in depressing the jaw, while its posterior or lower 
parts are largely attached to the corner of the mouth, and act to draw 
the lower lip and angle of the mouth downward and backward, and 
thus assists in the expression of grief and fear. | 

It will be noted that the buccal orifice and its surroundings are 
molded to the teeth and alveolar process by the tonicity of the facial 
portion of the orbicularis and the muscles which connect with it. The 
loss of the teeth and the subsequent resorption of the process are fol- 
lowed by a falling in of these tissues. Inasmuch as they are no longer 
supported upon a solid basis, their movement is restricted in amount 
and in direction. ‘The muscles which serve to carry the lips upward 
or downward are not so much hampered in their action as those which 
draw the lips and the mouth backward. This limitation is more 
particularly due to the absence of the canine tooth and its eminence 
than to anything else. All expressive movements of the face in which 
part is taken by the oral muscles are limited after the teeth have been 
lost. 

In a succeeding chapter the restoration of the various functions of 
‘the face and mouth by artificial dentures will be discussed. It is 
desirable that the student should be familiar with the effect of the 
contraction of each of the muscles of expression, in order that he may 
not impart to the countenance any unnatural look caused by too great 
fulness of the artificial denture at any point. A denture which pro- 
duces the same effect upon the countenance which the contraction of 
any muscle or muscles causes will impart to that countenance the 
expression associated with the contraction of the muscles so distorted. 


CHANGES OF CONTOUR per 


FACIAL EXPRESSION. 


The human countenance is made up of the features of the face. 
Facial expression may be regarded as consisting; first, of the features 
of the face, which are considered from a purely anatomical standpoint, 
and are the result of natural endowment; and second, of a certain 
impress made upon these features by the thoughts and actions of the 
individual. ‘The natural endowment of the face is the result of heredi- 
tary influences, principally those of race and parentage. As the indi- 
vidual grows and develops after birth, the impress of thought, of 
action and of experience is made upon the countenance. The frequent 
use of certain of the muscles of expression, attendant upon the existence 
of some thought or emotion, cultivates a tonicity of those muscles, 
and develops folds in the integument of the face, which impart a certain 
cast or expression to the countenance. These two influences taken 
together, the one prenatal and determining the anatomical form of the 
features, the other postnatal and influencing the expression—establish 
. the character and identity of a face. In discussing the human coun- 
tenance Mantegazza gives five verdicts which may be taken upon it; 
physiological, ethnological, esthetic, moral and intellectual. The 
ethnological and esthetic are based solely upon anatomical character- 
istics, while the physiological, moral and intellectual are more largely 
founded upon expression. The term facial expression in its broadest 
sense is intended to include all the data upon which these several judg- 
ments are based. In this chapter it will be used with that meaning. 

Facial expression is altered by the loss of the teeth and alveolar 
process in several ways: 

1. Absence of the Teeth.— The teeth are displayed in the move- 
ments of the lip in laughing, in smiling and in speaking. Cigrand? 
says, “Artists tell us that when patients speak words as “at” or “ate” 
with the short or long sound of a, the lips should disclose about one-. 
half of the labial surface of the anterior teeth, upper and lower, while 
with words having the long sound of 0, as in “oral” or “open” the lips 
should hide the teeth to their edges.’’ A larger proportion of the den- 
ture is displayed in smiling or in laughter. The relation of the lips 
and the anterior teeth during these acts constitutes one of their chief 
elements of beauty, and it is during their performance that a beautiful 
or unsightly denture imparts beauty or the reverse to the countenance. 

2. Changes of Contour.—The alteration of the contour of the 
mouth and lips by the loss of the teeth is characteristic. While 
it is less marked in those of the lymphatic temperament whose short 
teeth and process underlie lips which are thick and sufficiently rigid 
to undergo little change after the teeth are lost, yet in certain 
temperaments where the lips are thin and require support from the 
teeth, the alteration in appearance is striking. The changes consist of 


1 Facial Guide Lines as Taught by Artists and Sculptors; paper read before the 
Fourth International Dental Congress, 1904, 
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alterations in the contours of the lips and in their relations. The lips 
fall inward instead of inclining outward as they do when supported by 
the teeth. The proportion of mucous membrane which is displayed 
is diminished. The line of separation between the lips, which may be 
an element of great beauty in a mouth, becomes changed, being 
altered in most instances from a graceful curve to a characterless 
straight line. The corners of the mouth, which are supported mainly 
by the canines, droop and an expression of weakness is imparted to the 
face. There is a disappearance of the sulcus mento-labialis, which is 
formed at the highest point of attachment of the soft tissues of the chin, 
when the lower lip is supported and slightly everted by the teeth 
(Figs. 53 and 55). , 


Fic. 52.—Photograph showing the wrinkles commonly observed in old age. 


3. Changes in the Surface.—The changes which occur in the sur- 
face are the obliteration of some of the normal folds in the skin and 
the establishment of additional ones. Before discussing, however, 
those which result from the loss of the teeth, it will be necessary to 
point out those which result from old age, in order that no confusion 
between the two shall arise. The changes which ensue in old age are 
the result of two conditions: The resorption of the fat contained in the 
substance of the lips and cheeks, and the atrophic changes which occur 
in the skin. These result in the obliteration of contours at points sup- 
ported by cushions of fat and in the establishment of wrinkles in the 
skin at points in the line of frequent muscular action. Normally there 
are masses of fat located in the hollow of the cheek around the buc- 
cinator and zygomatic muscles. There is usually also some beneath the 
levator labii superioris muscle and some at the symphysis of the lower 
jaw. These may be resorbed early in life because of defective nutri-- 
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Fie. 53.—Photograph showing effect of Fia. 54. — Photograph showing the 
the loss of the teeth upon the mouth, and effect of the loss of the teeth upon the 
the wrinkles established thereby. profile. 


Fig. 55.—Photograph showing effect of Fic. 56.— Photograph showing the 
the loss of the teeth. Front view of effect of the loss of the teeth upon the 


patient in Fig. 56. profile. 
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tion. They are frequently resorbed after middle life in certain tem- 
peraments, notably the nervous. In the sanguine or lymphatic they 
are more likely to persist through old age. 

In most individuals past forty years, wrinkles of the skin are apt to be 
established, although as is true in the case of the resorption of the fat, 
they are likely to appear earlier in a nervous face than in that of other 
temperaments. Camper has called attention to the fact that they are 
established at right angles to the line of muscular action. ‘Those norm- 
ally seen in an individual after forty years are the transverse wrinkles 
of the forehead, vertical wrinkles of the forehead, crow’sfeet or wrinkles 
at the external canthus of the eye, the naso-labial fold, which extends 
downward and outward into the cheek from the base of the ala of the 
nose, and the genio-mental wrinkles, extending from the cheeks to 
the chin (Fig. 52). 

The loss of the teeth is followed by additional changes in the coun- 
tenance. The naso-labial fold is accentuated, because the upper lip 
falls in, and frequently becomes two lines, one of which descends from 
the ala of the nose to the corner of the mouth (Fig. 53). The philtrum 
is usually obliterated (Fig. 55).° This is due principally to the mcrease 
of the sphincter action of the orbicularis, which becomes necessary to 
keep the mouth closed in order to confine the saliva and food. Usually 
a groove is established extending from the corner of the mouth in the 
direction of the chin. In addition to these, small wrinkles placed 
radially to the oral orifice are established. While these last normally 
exist in some old people, they are much accentuated when teeth are 
lost because of the marked sphincter action of the orbicularis above 
alluded to. 

4, Changes in the Relation of the Jaws. — The removal of the 
points of contact between the jaws results in their approximation. 
This is attended by a shortening of the soft tissues extending between 
the two; the muscles and connective tissues being actually decreased 
in length. As far as the lines of the face are concerned, this effect is 
particularly noticed in the decreased distance between the nose and 
the chin. In some instances this effect is marked, the nose and the 
chin coming so close together that a characteristic deformity is noticed. 

5. Alteration of the Profile.—This is always changed to a greater 
or less extent. In those cases in which only a small amount of resorp- 
tion of the alveolar process has occurred, there is only a flattening of 
the mouth (Fig. 56), while in others the falling in of the lips may be 
very marked (Fig. 54). 

6. Alteration of Expression.— From what has been said con- 
cerning facial expression, or that which gives character and identity to 
the countenance, it must be seen that a condition which is succeeded by 
s0 pronounced a change in the features must greatly alter the charac- 
teristic expression of a face. One has but to remember the striking 
change in appearance which has followed the extraction of all of the 
teeth of an acquaintance to appreciate how marked an effect it has 
upon this means of identification. 


CHAPTEReLE 


MOUTH EXAMINATIONS PRELIMINARY TO DENTURE 
CONSTRUCTION. 


By EDWIN H. MAUK, D.DS8. 


As the first step in the construction of artificial dentures, a careful 
examination of the mouth is required in order that the prosthetist may 
know the conditions to be encountered, favorable or otherwise, and 
estimate the success to be attained by taking advantage of the favor- 
able conditions and modifying the unfavorable ones if possible. An 
examination is essential also for the formulation of an intelligent plan 
of procedure to determine the design of dentures, and as a basis for 
consultation with the patient as to the time and expense involved and 
the results to be expected. 

Such an examination might well be termed a survey, since the 
making of dentures is so largely an engineering problem, aside from the 
esthetics and art principles involved. The essential features to be 
noted form a striking parallel to those in surveying, viz: the surface 
area, its boundaries, the nature of the surface, whether hard, soft, 
etc.; its topography, comprised in ridges, elevated points and depres- 
sions. Indeed the engineering point of view, under one name or 
another, and an analysis of the significance of these factors, are abso- 
lutely essential to the success of the dentures, whether retained by 
mechanical means or by so-called atmospheric pressure. This by no 
means implies neglect of the other elements concerned, such as the 
anatomy of the parts, their physiological function, and the pathological 
or other deviation of each from the normal. In other words, the 
prosthetist must be diagnostician, engineer, skilled technician and 
artist combined. 

In order that the service to the patient may be rendered intelligently 
and efficiently, some systematic and orderly procedure in making the 
examinations should be adopted. Each operator will develop his 
own method of making the general examinations of the oral cavity 
including both the operative and prosthetic requirements, but it will 
be logical to take up the details of the survey for prosthesis somewhat 
in the order in which they present themselves, which will be to a great 
extent similar for all cases. 

In any event, the survey should be completed by the formulation 
of a detailed plan of the work. In the case of partial dentures, this 
may require the making of impressions and study casts since these 
cases present so many factors not involved in the construction of 


full dentures. 
6 (81) 
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Age and Physical Condition of Patient.—The general physical condi- 
tion and comparative age of the patient are among the first things to 
be noted, as they are often directly related. With patients of advanced 
age and broken health, or with some marked physical infirmity, the 
degree of success attainable, especially with dentures worn for the 
first time, is problematical, since the patient may find their presence 
a disturbing element and the effort to become accustomed to their 
use too great a burden for declining energies. In such cases the 
patient is often unwisely advised to procure dentures, urged perhaps 
by members of the family in a mistaken estimate of the probable benefit 
to be derived therefrom. When such a patient presents, especially 
after being without teeth for a considerable period of time, and with 
evident lack of tone of the oral muscles and tissues, it often becomes the 
duty of the prosthetist to decline the case as tactfully as possible, 
while making clear to the family that it is better to spare the patient 
what may be a real ordeal without any definite assurance of success 
in the end. 

Mental Attitude.—During the examination the patient’s mental 
attitude regarding artificial dentures is usually made apparent and is 
an extremely important factor. One who has a pronounced prejudice 
against “false teeth’? presents a problem matched only, perhaps, by 
the one who expects them to equal or surpass those provided by Nature. 
The patient who has worn artificial dentures; who appreciates and 
has overcome the difficulties incident thereto, will usually codperate 
with the prosthetist to the best advantage. 

In this connection, it should be ascertained what quality is most 
desired in the dentures. Only too often, the patient’s dominant 
thought is of appearance only, and efficiency is lost sight of. Others 
demand only efficiency and comfort, and have no appreciation of 
artistic results. In order to reconcile these inconsistenceis the pro- 
sthetist must know the patient’s point of view; perhaps it will be 
volunteered or indicated by chance remarks, during the examination, 
or may have to be elicited by questions. 

Seating Patient: Instruments.—It is assumed that the patient will be 
comfortably seated in the dental chair, suitable protection provided 
for the clothing, and a few necessary articles at hand, including a 
mouth mirror, cotton and cotton-pliers, a blunt probe, an instrument 
with a large ball end, an explorer, and some small towels or napkins 
in which to receive and hold dentures which the patient may be wear- 
ing, during their removal for examination and discussion. 

Edentulous or Partial Case.—The existence of remaining natural 
teeth in both jaws, or an entirely edentulous condition is soon dis- 
closed, or one in which one jaw is edentulous with some natural teeth 
present in the other. The examination of the totally edentulous 
condition will be simpler and will proceed along somewhat different 
lines from either of the other two, but will have details common to all. 
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Edentulous Mouth.—In looking into the mouth it will be necessary 
to consider certain features of both upper and lower jaws and then to 
proceed to observe details of each separately. The condition of the 
alveolar ridges as to the amount of resorption which has taken place 
claims attention immediately, and only a considerable amount of 
practical experience or familiarity with these conditions gained by 
study of typical casts can afford a basis of good judgment as to what 
would be a favorable bulk in this region for a given case. In the 
lower jaw especially, it is most desirable to have a comparatively full, 
well-rounded ridge of good height as the principal contributing factor 
to the success of the lower denture. In connection with the bulk of 
the ridge, observation must also be made of its symmetry and evenness 
of outline, as it is evident that fitting a denture will be much more 
difficult on a ridge with alternating depressions and protuberances 
than on one with a comparatively even surface. Closely related to this 
is also the question of fulness, especially of the upper jaw in the anterior 
region under the lip, where too great a prominence will leave so little 
room for the necessary thickness of the denture as to cause an unnatural 
bulging of the lip. For this reason the height and fulness of the upper 
ridge should be specifically compared to the length of the upper lip, 
and in some cases where a marked disproportion exists, it will be advis- 
able to recommend the surgical removal of the excessive alveolar 
process before attempting to make the denture. 

Relation of Jaws.—Another condition to be noted at this time is 
the relation of the jaws to each other antero-posteriorly and at the 
region of the tuberosity of the upper on both sides. A very convenient 
method of ascertaining this is to interpose as much of the end of the 
finger or thumb as will correspond to some extent to the combined 
length of upper and lower central incisor crowns, between the jaws 
at the median line and to ask the patient to close to that extent. In 
this position the antero-posterior relation may be readily observed 
by looking at the patient’s profile while holding the lips back slightly, 
and if either the upper or lower protrudes markedly with reference to 
the other, difficulty will be experienced in the arrangement of the 
teeth with regard to appearance and stability of the dentures. The 
condition at the tuberosities can be seen with the aid of the mouth 
mirror. 

If the tuberosity of the upper jaw is seen to be in too close proximity 
to the ramus of the lower, there may not be room for the combined 
thickness of the two base-plates in that region. This condition some- 
times results when thick masses of alveolar process have surrounded 
the molar teeth and, not having been removed at the time of extraction, 
persist in this location without being resorbed. In some instances 
these masses are so bulky as to present very pronounced projections 
on the buccal surface, which interfere with the removal of the impres- 
sion, and may make it impossible to insert the denture without severely 
abrading the surface tissues. When such a condition is revealed by 
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the examination, surgical removal of the process is indicated prior to 
taking an impression. SSean te 

When the lower posterior teeth have been extracted for a period of 
some years before the removal of the uppers, and no artificial lower 
substitute has been worn, the posterior upper teeth, together with the 
alveolar process surrounding them, almost invariably appear to have 
moved toward the lower jaw. If these teeth are then removed in prep- 
aration for a denture, without also removing a sufficient amount of the 
process surrounding them, the condition described above is sure to 
result. 

Relative Sizes of Arches.— The relative sizes of the two arches! should 
be noted while determining their relations. While good stability and 
retention of the dentures is largely dependent upon and proportionate 
to the area covered, and therefore large arches are favorable in this 
respect, a large lower arch and a small upper will cause difficulties in 
tooth arrangement in the molar region as well as in the anterior; a 
large upper with a small lower presents a problem even more difficult. 

It is quite usual to find the width of the upper arch at the tuberosities 
considerably less than that of the lower in the corresponding region. 
This is due to the fact that resorption takes place after extraction in the 
upper jaw principally at the expense of the outer and thinner plate of 
bone, while the reverse condition is true in the lower because of the 
heavy mass of bone external to the molar teeth at the base of the ascend- 
ing ramus. 

Mandibular Movements.—Another factor which suggests itself at. 
this juncture is the range of movement exhibited by the mandible. 
For reasons which are not entirely clear, but presumably have to do 
with the irregular loss of the teeth on one side or the other of one or 
both jaws, lateral movements of the mandible which are extremely 
important in mastication, seem to become restricted, in some cases So 
that they are almost entirely lost. In other instances, while 1t may be 
possible for the patient to produce all the habitual movements of masti- 
cation, definite control of them seems to be lacking. Either of these 
conditions is likely to limit the efficiency of the dentures in mastication. 

After the above general observations have been made and noted, 
attention will naturally be directed to more specific details, some of 
which are to be found in both the upper and lower jaws, while others 
are characteristic of one jaw only. 

Fibrous Bands.— The point of attachment of fibrous bands of tissue 
at several locations along the external surfaces of the ridges, particularly 
those in the region of the bicuspids in both upper and lower jaws, and 
at the median line in the upper, is of much importance. If these 


1 The word arch is here usedi n the same sense as in describing the teeth of one jaw 
as a group, referring to their approximation in a curved row, the ridge left after their 
extraction conforming in a general way to the original curve. This should not in any 
way be confused with the curved roof of the mouth, this being termed the vault, or the 
palatine arch. 
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bands are tense or attached near the summit of the ridge, careful pro- 
vision must be made for them along the periphery of the denture, 
especially the lower so that they will have sufficient unrestricted move- 
ment to avoid irritation, and will not dislodge the denture from its 
normal position in speech or in the ordinary movements of mastica- 
tion. In some cases it will be necessary to divide such a band at the 
ridge by a slight surgical operation, and prevent its reattachment by 
inserting a temporary base-plate with the rim extended, or by means 
of cauterants. 

Any pathological conditions of the tissue surfaces within the denture 
area are usually quite evident by their appearance; redness, small 
eruptive papules, abraded or eroded spots or a puffy appearance are 
all indications of abnormality. The presence of lues should be watched 
for by the operator, and any symptoms of its existence in the oral 
mucous tissues justify a searching inquiry, and a resort to the usual 
tests if necessary to complete the diagnosis. 

Soft and Hard Areas.—The density of the submucous tissues and 
their thickness, together with a differentiation of soft and hard areas, 
pendulous masses in the upper, or a flabby ridge crest, should be 
established by a digital examination. Considerable pressure with the 
end of the finger along the summit of the alveolar ridges and over the 
entire vault in the upper jaw, then following more particularly in the 
vault with the ball-ended instrument will give the necessary information. 
Flabby areas are likely to be found along the ridges, most frequently 
in the anterior region of the upper jaw; occasionally a pendulous 
mass of mobile tissue is found in the region of the six upper anterior 
teeth, or similar masses may occupy the area of the tuberosity on one 
or both sides of the upper jaw. If these masses are small, the denture 
can usually be made to cover them with a fair degree of success. 

If they are large and freely mobile, their surgical removal is indicated, 
otherwise the denture will be movable in a proportionate degree, and 
although it may be retained moderately well, it will afford little service 
in mastication owing to its lack of support. 

Smooth, rounded or elongated bony growths occur not infrequently 
along the hard palate in the median line, and more rarely, knobby, 
hard masses stand out from the surrounding surface at this location 
and are readily evident by their size and prominence. 

In an extreme case such a growth requires surgical removal. If 
the growth is small its presence will probably not interfere materially 
with the denture, but provision must be made to relieve the pressure 
of the denture on it either by scraping the impression or by building 
up this area on the cast. 

Pressure Relief.—It is necessary to provide for relief in the palatal 
area in virtually all upper cases and in lower cases when the summit 
of the ridge is thin and sharp, either by scraping the impression before 
making the cast, or by building up the cast itself with tinfoil as directed 
in the chapter on Casts and Models. 
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When making the examination it is well to determine the extent 
of the hard areas which will need relief. In the lower jaw this will 
be evident by the shape and size of the ridge, but in the upper jaw it can 
be definitely located only by testing with the end of the finger and 
with the ball-ended instrument using considerable pressure. By noting 
the extent to which the tissues are indented, and testing the whole 
area of the vault at close intervals, soft areas will be differentiated from 
the hard, and their respective boundaries defined with sufficient exact- 
ness to be a reliable guide for the scraping. The hard area will usually 
be found most distinctly along or bordering on the median line, and 
when the impression is taken, it is well to.sketch on it immediately 
the relief areas, and verify their extent and location by the use of the 
round-ended instrument again. 

Gagging.— While making the digital examination above referred to 
and continuing it with an instrument, it is frequently found that the 
soft palate in the region of the uvula, and in some cases a zone extending 
across the posterior part of the vault for some distance in front of the 
uvula, are so highly sensitive that when the surface is touched with an 
instrument or the finger, the patient is nauseated and “gags,” as it is 
termed, making a convulsive effort such as precedes vomiting. This 
may be mild and is overcome as manipulation of the parts proceeds, 
or may be controlled by the patient to a certain extent. In some 
aggravated cases this condition is so distressing and persistent that it 
becomes impossible to secure an impression without preliminary treat- 
ment, or if the impression is successfully taken, the finished denture may 
continue to cause the same symptoms to an unbearable degree. When 
this happens, the patient invariably wants the denture trimmed, which, 
if done freely enough to stop the gagging, may reduce the surface which 
the denture covers so much that it will no longer be retained success- 
fully. To provide against this contingency, when such a condition 
is revealed during the examination, it is well to plan the denture so 
that its posterior border will lie on the zone of tissue just back of the 
hard palate, where it is found to yield readily under pressure (but not 
to extend it so far as to rest on the tissues which move in swallowing 
or speaking) and to make it bear with more than ordinary pressure 
along its posterior edge by scraping the cast in the corresponding 
position. This has been found quite effective in many cases, for which 
the explanation is given that if these sensitive tissues are allowed to 
merely touch the plate edge or to vibrate against it, the effect is analog- 
ous to that of tickling, but if a pronounced pressure is produced the 
sensation is recognized as such, without the unpleasant symptoms. 

Measures to Overcome Gagging.—To control the nausea during the 
impression taking many remedies have been suggested and _ tried 
with varying degrees of success. Sometimes it is sufficient to swab 
the sensitive area with some agent having a mild anesthetic or refriger- 
ant effect. The solution containing menthol, thymol and phenol 
prepared for medication of carious cavities has been used with success 
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in diluted form to avoid the escharotic effect of the phenol. The use . 
of the preparations known as phenol sodique and campho-phenique 
has also been reported as successful. In aggravated cases, the use of 
cocain solutions swabbed on the surface, in a concentration of from 
1 to 5 per cent, has been suggested, but these must be used in very 
limited quantity and with great care to avoid their passing into the 
throat and producing anesthesia over a much larger area than is 
intended. It has also been suggested that injections of novocain be 
made at the posterior palatine foramina, but this is open to the objec- 
tion that the tissues are thus distended so that the impression does 
not represent them in their normal condition. 

Partial Cases.—It will be recognized that many of the above obser- 
vations apply to the examination of cases where some teeth remain 
as well as to edentulous ones, but the former group presents many 
additional features not involved in the latter. First attention is 
claimed by the number of teeth present and their arrangement with 
reference to the spaces. Mathematical computation has shown that a 
tremendous number of combinations are possible, running up into 
many thousands, but for the purposes of diagnosis and with reference 
to the principles and details of construction, these may be grouped 
into a comparatively small nuniber of classes which are more appro- 
priately taken up as details of making the dentures. 

The condition presenting the most troublesome problems and the 
least prospect of a successful denture is that of narrow spaces left by 
the loss of a single tooth or two teeth, closely alternating around the 
arch with remaining teeth standing alone or in small groups of three or 
less. ‘The spaces,.in such a case, usually present undercuts, and if the 
teeth have been out for any length of time, are usually constricted to 
such an extent that there is not sufficient room for the insertion of 
artificial teeth of the proper size. On the other hand, spaces of con- 
siderable length with firm, sound teeth at each end are much more 
favorable for the construction of dentures which will give both comfort 
and efficiency, especially if the spaces are at relatively opposite points 
in the arch, establishing a sort of balance. 

Retention, Partial Dentures.—TThe problem of retention for partial 
dentures is quite different from that of full dentures, depending very 
largely upon the use that may be made of the remaining teeth for this 
purpose through the medium of clasps or devices having the same func- 
tion as clasps, so that the condition of the individual teeth at the ends 
of spaces where such retention devices are applied by preference or 
necessity, requires careful scrutiny to determine their fitness for such 
use. If these teeth are sound and of normal contour, with their long 
axes normally inclined to the arch or nearly so—in other words, if in a 
condition which closely approaches normal—they need give no further 
concern at this time, and the examination may proceed to other 
details. An isolated tooth, a molar for instance at the posterior end 
of a space, is frequently valuable tor purposes of retention, but more 


88 MOUTH EXAMINATIONS 


often, in other parts of the arch, is of little or no value for this purpose, 
and may constitute a distinct obstacle and detriment in the construc- 
tion of the denture. 

An instance of this is afforded in the case of a single tooth, or even 
a small group of teeth in the anterior region. ‘Though often considered 
by the patient as of great importance and value for appearance it will 
be found extremely difficult to align the artificial teeth with them, or 
to match their color and shape, so that the result is conspicuously 
inharmonious in appearance, and retention is seriously interfered with 
by the presence of the teeth. 

If the remaining teeth, not only those at the ends of spaces, but all 
that are present in the arch are not in a normal condition, which is 
seldom the case, especial attention must be directed to the question 
of their value, and it‘should be decided at this time whether they shall 
be retained or extracted, or the completion of the plan for the denture 
should be deferred until this question can be decided after treatment of 
the teeth of doubtful status, or after further examination of their 
possibilities by means of radiograms. These teeth may be the ones 
most needed for the support of the denture, and to have the necessity 
for their removal become apparent when the plate is partly completed, 
may change the entire plan and involve the reconstruction of what has 
already been done. 

Necessity for Extraction.— Various degrees of deviation from the © 
normal will be found to exist with regard to the teeth in question, 
but two especially claim thorough attention and careful estimate of 
the possibilities involved before making the decision as to extraction 
or retention, namely, badly broken-down crowns, or those with exten- 
sive restorations, either by fillings or artificial crowns, and pulpless 
teeth, or roots. With regard to the first, it will be necessary to judge 
whether their crowns can be restored successfully by crowning opera- 
tions or otherwise, or whether the restorations already made are 
successful in restoring the tooth to usefulness and properly designed 
and constructed to prevent recurrence of decay or injury to the sup- 
porting tissues. This applies particularly to those to be used for the 
support of the denture. 

The second condition, that of a tooth or root without a pulp, does 
not necessarily condemn the tooth to extraction. Though it is recog- 
nized that a pulpless condition is far from normal and that such a tooth 
is of doubtful value as compared with a similar tooth having a living 
pulp, it is nevertheless true that it can often be made to serve a most 
useful purpose and perform its function in a perfectly satisfactory 
manner for an indefinite period of time, when the details of root medi- 
cation, root filling and crown restoration have been carried out in 
accordance with well-established principles of technic for such work. 

Pulpless teeth found to have marked pathological conditions affect- 
ing the peridental membrane or the apical region, resulting in destruc- 
tion of the membrane and pronounced loosening of the teeth, or the 
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condition known as apical abscess, should not be considered as prospec- 
tive supporting units for a denture since the additional stress imposed 
would strongly tend to reinvolve them even after apparently successful 
treatment. 

_ Gingival Irritation.—The gums surrounding the teeth must be 
carefully examined for evidences of irritation resulting from deposits 
of calculus, as well as the roots of the teeth themselves, to disclose 
the possible existence of such deposits. These if present must be 
removed prior to the taking of the impression, otherwise the fit of 
the denture at such points will be defective, and the irritation not only 
will be perpetuated and aggravated, but may prevent entirely the 
wearing of the denture. The retention of teeth affected to any marked 
extent by so-called pyorrhea is always doubtful. If in the judgment 
of the operator, or as indicated by the past history of the case, the 
condition cannot reasonably be expected to clear up under treatment, 
early extraction is indicated. 

The general condition of the gum tissues, as referred to under the 
discussion of examination of edentulous mouths, should not be neglected 
for partial cases, and when the denture is to cover the roof of the mouth, 
similar provisions should be made for relief of the hard central area, 
since the partial denture is likely to “settle” and rock to an even greater 
extent then the full denture unless it is wholly supported by the 
remaining natural teeth. 

Vertical Space Available.—A careful examination should be made 
as to the distance between ridge portions of the upper and lower jaws 
where teeth are to be supplied, or between the ridge of one and the 
opposing teeth of the other. Frequently as the result of a long interval 
- elapsing after the extraction of part of the teeth of one jaw, without 
dentures being supplied, the opposing teeth become greatly elongated, 
so that the space is partly or almost wholly taken up when the teeth 
are in occlusion. It is not infrequent to find these elongated teeth 
touching the opposite gums in the masticating position, which of course 
makes the insertion of a denture impossible, and leaves no choice but 
the extraction of the elongated teeth. 

Usually these teeth have become loosened as well as elongated so that 
they would not be valuable in mastication even if it were possible to 
retain them. 

In other instances of the same character, when the teeth are only 
slightly elongated, it may be possible to gain sufficient space for the 
insertion of the artificial teeth by grinding off a certain part of their 
occlusal surfaces, which may also be desirable to improve the align- 
ment and relative length of individual cusps. In fact, the inspection 
of the cusps and incisal edges of all the remaining teeth should be one 
of the features of the examination. In the anterior region especially, 
the appearance is often marred by a series of jagged edges, and the 
patient must be informed of the necessity for trimming these to facili- 
tate the arrangement of the teeth which are to oppose them as well as 
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in the interest of good occlusion and articulation. This can be taken 
up more fully under the details of constructing the dentures. 

Color of the Remaining Teeth.—The color of the remaining teeth in 
the anterior part of the mouth, if they are to be approximated or 
opposed by artificial teeth, merits some attention during the examina- 
tion, together with their length and shape. Upon these details depend 
in large measure the artistic and harmonious effect of the denture, and 
although more thorough consideration can and should be given to 
this item at a later stage of the work, the patient may have some 
useful ideas on these points which should be ascertained by the operator. 

Records.— Although some prosthetists keep careful records of the 
data collected during the examination for dentures, together with the 
recommendations made, details of treatment necessary, estimate of 
cost and a tentative plan of the work with salient details noted, this is 
often neglected. Such a record is of great importance in avoiding 
future misunderstandings and for the guidance of the operator when the 
time comes to make the dentures, as a considerable interval may 
elaspse between the time of the examination and the beginning of the 
work. For the best interests of all concerned, such a record should 
invariably be made and carefully filed, so that it may be readily referred 
to at future visits of the patient or when otherwise needed in deter- 
mining details of the construction of the denture itself. 

With a careful examination covering the features outlined for 
edentulous or partial cases completed with the record just referred to, 
the patient may be provided with an appointment for a future date 
and dismissed, or the first stage of denture construction or any necessary 
preliminary treatment may proceed at once. 

For the convenience of the student, the bse brief guides 
embodying the salient features in making examinations preliminary 
to denture construction have been prepared. They are not intended 
to be exhaustive nor arbitrary as to the sequence to be followed, but 
have been arranged with considerable thought as to the manner 
in which the various points enumerated logically present themselves 
for consideration. 
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General Considerations. 

Age of patient. 

General physical condition. 

General mental condition. 

Mental attitude regarding dentures. 

Edentulous or partially so. 

Profile and contour of features. 

“Tone’’ of facial tissues, and general Appearance (tines folds, 
sagginess, etc.). is 


ae 
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Edentulous Mouth. 
Surface conditions of tissues, pathological conditions, or surface 
abrasions. 
Amount of resorption of ridges, height, thickness, sharp edges or 
spines. 
Symmetry of ridges. 
Fulness of anterior region. 
Fulness of other parts. 
Relation of ridges, antero-posteriorly and vertically. 
Space between ridges, especially at tuberosities. 
Relative sizes of arches, upper and lower. 
Shape of arch and shape of vault. 
Tissue attachments to ridges. 
Undercuts and projections. 
Density of tissues: 
Hard and soft areas. 
Abnormal growths. 
Pendulous masses. 
Flabby ridge areas. 
Mandibular movements: 
Freedom of. 
Control of. 
Partial Cases. 
Number of teeth remaining. 
Position of teeth relative to spaces. 
Size of spaces. 
Inclination of teeth at ends of spaces. 
Presence and position of teeth suitable for clasps or similar devices. 
Space vertically between ridges. 
Space vertically between ridge and opposing teeth. 
Nature of occlusion. 
Surface condition of tissues (same as edentulous). 
Condition of individual teeth: 
Crowns; carious, broken-down, restored. 
Pulpless or vital. 
Pathological conditions, pulp canal. 
Pathological conditions, apical region. 
Pathological conditions, peridental membrane. 
Deposits of salivary calculus. 
Teeth elongated, tipped, rotated, loose. 
Color, size, shape of remaining teeth. 
Records of conditions found by examination. es 
Plan of dentures in accordance with conditions found by exami- 
nation. 
A Guide for Detailed Examination or Survey of the Edentulous Patient 
for Full Dentures.—This includes the specific items for observance and 
notation, and the sequence of procedure for both visual and digital 
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examination. The survey is principally visual, supplemented by 
digital examination at certain stages or followed by the digital in the 
order given below, together with conversation and questions to bring 
out details not otherwise revealed. 

General Considerations. 

Age of patient. 

General physical condition. 

General mental condition. 

Mental attitude regarding dentures. 

Economic conditions and financial arrangements. 

Seateng of the Patient.—Seat the patient as in an ordinary chair, 
with the body, shoulders and head inclined slightly backward from the 
vertical, and the head supported by the headrest. Do not tip the 
head backward so that the patient is looking upward. ‘This cramps 
the muscles of the neck and lower jaw, and puts the head and face in 
an unnatural aspect and out of proportion when viewed with the rest 
of the body. 

Visual Examination, External Appearance.— Note four items: Full 
front view, profile view, fulness or contour of lips and condition of 
facial tissues (such as wrinkles, folds, sagginess). 

Visual Examination, Upper Part of the Interior of the Mouth.—Do not 
ask the patient to open the mouth, but insert the two index fingers 
and draw the lips upward and outward at the angles of the mouth, 
thus affording a view of the anterior portion of the upper ridge. Note 
three items: Tissue attachments (especially the labial frenum) the 
labial contour of the ridge, the contour and length of the ridge taken 
together in relation to the length of the upper lip. 

Now have the patient tip the head slightly backward, thus bringing 
into view the arch and vault asa whole. Note eleven items: Apparent 
tone of the tissues, the form of the vault, abnormal ridges or lumps in 
the vault, the form of the arch, the size of the arch, the form of the 
ridge, the thickness or bulk of the ridge, any sharp points or eminences 
on the ridge, position of the tuberosities, the fibrous tissue attachments 
at the posterior portions of the tuberosities. 

Next with one index finger at a time expose each vestibular space 
separately in turn. Note three items: Buccal projection of tuberosity 
or undercut, the size of the vestibular space and position of the buccal 
tissue attachments. 

Visual Examination, Lower Part of the Interior of the Mouth.— Direct 
the patient to resume the erect position of the head, again insert 
the two index fingers and draw the lips downward and outward at the 
angles of the mouth to bring the lower ridge into view. Note seven . 
items: Tissue tone, the form of the arch, the size of the arch, the 
form of the ridge, with especial attention to the distal termination, 
as to whether it is lumpy or smooth in this area, the size of the ridge, 
the buccal tissue attachments, which are frequently held down tightly 
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by adhesions remaining after, extraction, and the amount of the 
vestibular space. , 

Now bring the fingers more toward the front and hold down the lip, 
exposing the anterior part of the ridge to view. Note two items: — All 
tissue attachments to the base of the ridge, and any undercuts that 
may be present. Direct the patient to lift the tongue slightly toward 
the vault and note all the lingual muscle and tissue attachments. 

Digital Examination.—Digital examination either in conjunction 
with or following the visual. 

Upper part of the mouth: Palpate the entire upper ridge and vault 
for six items: The location of hard and soft areas, tender spots, 
flabby spots, undercuts at tuberosities on buccal surfaces, the extent 
of cartilaginous tissue at the posterior border of the hard palate, and 
the tendency to gag as this region is touched by the finger. 

Lower part of the mouth: Palpate the lower ridge in the same manner 
as directed for the upper for five items: Hard and soft areas along 
the ridge, flabby tissue masses at the distal terminations of the ridge, 
spinous bony structure along the summit of the ridge, the prominence 
and position of the mylohyoid ridge relative to the summit of the 
alveolar ridge in that region, and the tendency to gag when palpating 
the disto-lingual area. 

As a final item in the digital examination, prop the jaws open with a 
finger or fingers so that they will be separated about 20 to 25 mm., 
draw the lips aside and note the relative positions of the upper and 
lower ridges in the anterior region. 


CHAPTER III. 
IMPRESSIONS OF THE MOUTH. 
By EDWIN H. MAUK, D.D3. 


AFTER the examination or survey of the mouth has been completed, 
the next step in the production of a prosthetic appliance incorporating 
‘a base-plate is to secure a tangible counterpart, an accurate reproduc- 
tion of the parts for which the appliance is to be made, and upon which 
the work may be done. 

In order to do this, it is necessary to have an imprint of the parts, 
which obviously must be made in some plastic material. ‘This is 
known as the impression, and the process is referred to as “‘taking the 
impression.” 


THE IMPRESSION. 


An impression may be defined as a negative imprint or likeness of 
the parts, from which the positiwe or cast is to be made.! 

In the examination or survey of the mouth preliminary to restoring 
a number of lost teeth by means of a prosthetic appliance, the plan 
or design of the appliance and the means of its retention are deter- 
mined in conformity with the data thus obtained. If the restoration 
is to be of the bridgework type depending upon remaining teeth as 
abutments for retention, the preparation of the abutments for the 
anchorage device may demand attention first, the impression being 
more or less incidental to establishing the position of the abutments on 
the model. 

This is also true to a certain extent of partial base-plate dentures 
retained by frictional anchorage devices, but the general principles 
of impression taking apply to both of the foregoing as well as to arti- 
ficial dentures supplying all the teeth, and the student can readily 
make the application where it is not specifically described in the fol- 
lowing pages. 

The requisites of a good impression for an araical denture are: 
(1) That it shall accurately reproduce i in detail the parts of the jaw. 
This is subject to exceptions, since it is desirable at times to have an 
imprint of certain tissues as they are modified by muscular action or 
as they may be modified by the action of the impression material - 

1 A nice distinction should be made between the terms ‘‘cast’’ and ‘‘model.’”’ The — 
object produced by filling or pouring or ‘‘casting”’ an impression is always a cast. As 
soon as it is put into use as a surface on which to shape a part of the appliance being made 
or when used as a pattern for molding, it becomes a model. This has resulted in the 


loose usage of the words by the dental profession, since casts almost invariably are put 
to use as models, except when preserved for study or record purposes. 
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itself. (2) That it shall cover all the area which it is intended to 
include in the finished plate, if possible, and no more. This applies 
particularly to full denture impressions, and is not always attainable 
in the case of partial denture impressions. (3) That its edges, which 
will determine the periphery of the finished denture, shall be rounded 
and sufficiently thickened to properly fill the cul-de-sac between the 
tissues of the cheek or the tongue, and the base of the alveolar ridge, 
in order that similar edges may be reproduced accurately on the model, 
and finally upon the finished denture, in such a manner as to aid 
retention and avoid irritation to the tissues. 

The results which are sought in denture making are comfort, effi- 
ciency and good appearance. Of these the first two are more depen- 
dent upon the ultimate perfect adaptation of the denture than upon 
any other single factor, and this in turn is almost solely dependent 
upon the accuracy of the impression. 

Accuracy.—'l’o be accurate in the sense here intended, an impres- 
sion must not only copy fine lines and other features of the surface, 
which is an essential required of the impression material itself, but 
must also faithfully portray the living tissues in the physical or func- 
tional condition most favorable to the success of the denture, an essen- 
tial largely within the control of the operator, especially if he is aided by 
the patient under direction. Thus it is possible to take an impression 
of the lower edentulous jaw, for instance, which will be an accurate 
reproduction of the surface in every minute detail, but will represent 
the fibrous and muscular attachments at the base of the ridge in a 
passive or displaced condition, which would be fatal to the stability 
of the finished denture with these attachments in the active state. 
Another impression may be made with the same material, equally 
accurate in the surface detail, but representing the attachments 
approximately as they function during the use of the denture, obviously 
a condition more favorable to its success. Again, an impression may 
be made of the upper edentulous jaw having considerable pendulous 
or flabby tissue, especially along the ridge, with this tissue in its pen- 
dent position, or the same tissue may be represented in another 
impression approximately as it will appear when compressed by the 
denture during the act of mastication. 

It is evident then, that control of the impression material and the 
ability of the operator to utilize its possibilities are as essential to the 
accuracy of the impression as any physical characteristic of the material 
itself. 

Area Included by the Base-plate.—It has come to be recognized_as 
one of the essentials in modern denture making, that the base-plate 
shall cover as much area as possible with no discomfort to the patient, 
or undesirable alteration of the facial contours, in order to utilize the 
tissues upon which it rests to the fullest extent for the purposes of reten- 
tion of the substitute and resistance to masticatory stress. This will 
be discussed more fully under Principles of Retention in Chapter VI. 
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There are also reasons connected with the technical processes of 
making the denture which make it desirable that the area to be covered 
by the denture shall be established at the time of taking the impres- 
sion, and definitely determined by the impression itself. 

To have an impression cover a larger area than that of the pro- 
posed denture, creates considerable doubt and uncertainty in finally 
establishing the peripheral outline of the latter on the cast. To have 
it cover an insufficient area necessitates carving the cast to extend the 
peripheral borders of the denture, which is largely guess work, or if this 
is not done, it leaves the denture deficient along the rim so that its 
stability and retention are likely to be impaired. 

Edges.— An impression with the edges trimmed or filled out, as may 
be necessary, to a thickness appropriate for each part of the mouth 
upon which its periphery lies, and with the borders rounded so that 
they conform to the curve of the tissues as they merge with the cheek 
or the floor of the mouth at the base of the ridge, may be tested in the 
mouth when finished. It will thus afford a fairly reliable forecast of 
the comfort and stability of the finished denture, as well as of its 
ultimate effect on the facial contour. These edges will then be auto- 
matically reproduced on the cast and also on the finished denture in 
the case of vulcanite, while with a metal denture they will serve as 
an accurate guide for the shaping of the rim upon dies, or of the wax 
pattern when the plate is to be cast. Such a denture because of its 
rounded edges reduces the possibility of irritation of the tissues to the 
minimum, and therefore usually requires little or no trimming to 
relieve such a condition. | ) 

It is true that to obtain impressions with the requisite qualities 
above mentioned materially increases the time and effort required 
in the operation itself, but the results more than justify such expendi- 
ture. It must also be evident that, to obtain such results, a suitable 
choice must be made of the available materials and that their good 
qualities must be utilized to the fullest extent and their mherent defects 
overcome by manipulation based on a thorough knowledge of their 
physical behavior and the chemical phenomena upon which it depends. 

Impression Materials.—The choice of impression materials is neces- 
sarily quite limited. The ideal impression material has not been 
found, and probably will not be, unless some synthetic combination is 
made incorporating all the qualities desired in one substance. Certain 
materials are available, however, combining enough desirable qualities 
to approach the ideal. By taking advantage of these characteristics, 
and by adopting a technic in which they are best utilized, but in which 
their limitations are recognized, most excellent and satisfactory results 
are attained with such materials in the production of impressions 
and the subsequent steps dependent thereon in the making of dentures. 

The qualities that an impression material should possess are: 

1. It should be agreeable to the patient in color, taste, odor and 
consistency. 
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2. It must not injure the oral tissues in any manner. 

3. Its maximum plasticity should lie within a temperature range of 
heat and cold readily tolerated without discomfort in the mouth. 

4. It should copy fine details of the surface accurately, and retain 
its form without distortion when removed from the mouth; therefore 
it should be inelastic. 

5. It should pass from the plastic to the rigid state promptly, yet 
allow sufficient time for manipulation. 

6. It should neither contract, expand, nor warp in the rigid state at 
ordinary room temperatures. 

7. Its preparation and manipulation should be easy with simple 
equipment. 

8. It should be free from deterioration, so that its working qualities 
are constant. 

No substances are known which in their native state possess enough 
of the above qualities to be desirable for the purposes of impression 
taking, but a suitable material must be prepared for use by appropriate 
processes or by combination with other substances. ‘Two materials 
only have been produced which sufficiently answer the requirements 
so that they have continued in general use, and these differ widely in 
their physical characteristics, their chemistry and their manipulation. 
They are, in the order of the length of time they have been in use: 
Plaster of Paris and modeling compound, or modeling composition as it 
is frequently known. 

Plaster of Paris owes its name to the fact of its early production in 
large quantities in the outskirts (at that time) of Paris. Its use in 
dentistry was adapted from the arts and crafts, and it continues to be 
used in great quantities as a building-material, the commercial grades 
for that purpose differing from dental plaster in their texture and 
purity. Itis commonly referred to simply as eae and will thus be 
mentioned in these pages. 

Self-separating plaster is a name given to 4 mixture of starch with 
plaster which, when incorporated with water and set in the usual man- 
ner, has the property of disintegrating in hot water. Its use is con- 
fined to impression work, and its advantage lies in the fact that it 
may be separated from the cast merely by immersing in cold water 
and heating to the boiling point, thus avoiding the usual cutting and 
chipping of the impression and the liability of mutilating the cast 
thereby. The following formula may be considered typical of these 
mixtures, several brands of which are on the market:! 
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Coloring matterin the form of a dry pigment is added.in some instances. 
Modeling compound of the varieties most used at present is produced 


1 Dental Cosmos. 
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especially for dental purposes, quite aside from any application it — 
may have had in its original form in the arts and crafts. Its use in 
dentistry being confined principally to taking impressions, its original 
designation as “modeling” compound has been superseded, and it is 
now commonly referred to as compound, and the impressions made 
with it as compound impressions. 

Wax, principally of the variety produced by bees, formerly exten- 
sively used for impressions and sufficiently accurate for that purpose 
when dentures were held in place by reciprocating coiled springs rather 
than by “suction,” has been displaced by plaster and compound. 

Compound can also be more conveniently and readily used for 
building up parts of impression trays, for which wax is often used, and, 
in fact, an entire tray may be fashioned from it, for which express pur- 
pose one variety has been produced and is offered in the market. 
Compounds of various waxes are still indispensable in dentistry in 
making patterns for castings and as a base for the arrangement of teeth 
for dentures, both of which are described elsewhere in this text. 

Gutta-percha, a vegetable substance derived from the juice of a tree, 
the zsonandra gutta, formerly used for impressions to some extent, has 
likewise been displaced by compound, because of the superior working 
qualities and convenience of the latter. 

The very marked increase in the use of compound for impressions 
which has taken place in recent years has been accompanied by many 
variations in technic, especially for edentulous impressions, and much 
diversity of opinion exists regarding its comparative value for this 
purpose. Some have favored the use of compound for all impres- 
slons; some, the exclusive use of plaster, and others, combinations of 
the two, such as, a compound impression finished with plaster, or a 
tray of compound used merely as a base for an impression which is 
completed by several successive additions of plaster. For the latter it 
is claimed that perfect adaptation is thus secured without tissue dis- 
placement. | : 

Some have also advocated the rather anomalous procedure of the 
“closed mouth” impression, claiming for it perfect surface adaptation 
and equalized pressure under masticating stress with an accurately 
corrected periphery which, being shaped by the action of the patient’s 
muscles, allows them free play during mastication without displacing 
the denture. This, of course, represents only one phase of the muscle 
activity which affects the stability of full dentures. Likewise, depend- 
ence upon the muscle movements of the patient to establish the 


1 In this connection a reminiscence by the late L. P. Haskell is of historic interest. 
He stated in the writer’s presence that the first use of plaster for impression taking was 
by his brother-in-law, Hansen, of Boston, in 1844, and that previous to that time den- 
tures were maintained in position principally by means of coiled springs, no adhesion 
being expected by patient or operator. Also that in his presence and that of several 
other dentists invited for the occasion, a test of one of the first dentures made from a 
plaster impression, a full upper gold-swaged plate, consisted of suspending a bucket of 
water from a hook in the center of the plate—to the great astonishment of those present. 


THE IMPRESSION 99 


periphery of a compound impression is attended with considerable 
uncertainty, since many patients who are most in need of dentures 
have deficient muscular control or will not codperate fully with the 
prosthetist in this feature of the work. 

Much stress has been laid upon the ability of compound to compress 
the soft tissues during impression taking in order to secure equalized 
bearing of the dentures upon soft and hard tissues alike. It is doubtful 
if this property can be controlled and directed with sufficient certainty 
to place any dependence upon it. Compound is virtually inelastic, 
and its ability to copy details is dependent upon this quality together 
with its softness at the time of receiving the imprint of the object 
being copied. If used soft enough to copy fine detail in the mouth, 
it will not compress the tissues except momentarily at the instant of 
application, and the soft tissues being elastic, will react against the 
compound and neutralize the compression before the compound is 
set or cooled enough to hold the tissues compressed. 

It seems to be apparent that the effect of equalized bearing on hard 
and soft areas may be more effectively produced by the intelligent 
application of the plaster finish than by compound alone, especially 
in upper impressions. where the equalization effect is most sought. 
Thinly mixed plaster obeys the laws of hydraulics and is incompres- 
sible in any ordinary manipulations. When confined under pressure 
in a compound impression with a closely adapted periphery (virtually 
a cup), it flows to the areas of least resistance, 7. e., the softer parts. 
Being incompressible itself, it tends to slightly displace the yielding 
tissues by compressing them, and remains there until crystallized. 
This is made evident by examination of such an impression when 
removed from the mouth. Invariably there are shown patches of 
plaster of unequal thickness corresponding to soft areas alternating 
with bare spots of compound where the plaster has been displaced 
entirely by the harder parts. 

In the various methods advocated for full denture impressions, 
the objects sought are virtually the same, namely, correct surface 
adaptation with equalized bearing pressure, and the establishment of 
a definite peripheral limit, including the largest area possible for the 
denture base without causing any discomfort to the patient. The 
most valuable quality of compound which recommends it for this 
purpose is the fact that it can be so readily trimmed, modified and 
readapted to correct the peripheral outline and other essentials of 
the impression. Its tendency to form wrinkles and folds and to become 
* distorted in the process of readaptation is compensated for by the 
plaster lining as the final step in the operation. 

On the whole, it would seem that excess of enthusiasm, or conserva- 
tism in some cases may have prompted the declaration for, and the 
rigid adherence to, the one material to the exclusion of the other. 

It is recognized that specialization either with compound or with 
plaster enables different operators to produce dentures whose success 
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cannot be questioned in either instance, even though one may use 
compound exclusively, and the other plaster alone, but for the student 
or the average operator, the combination of the two offers advantages — 
which he cannot afford to overlook. The student especially should 
familiarize himself with the technic for both, so that in his future 
practice he may choose intelligently according to the conditions 
presented by the individual case. 

Comparative Qualities of Plaster and Compound.—Plaster and 
compound exhibit their plasticity under totally different conditions 
and as a result of totally different methods of manipulation, and pass 
from the rigid to the plastic state under widely varying laws of matter. 
Plaster, a white, practically insoluble mineral powder, when mixed 
with water, exhibits a chemical change which results in the formation 
of crystals and ultimately a hard, dense solid, which thereafter cannot 
be restored to the plastic state without altering its form and destroying 
the integrity of the mass. 

Compound, a dense, amorphous synthetic solid, a combination of 
mineral and vegetable substances, attains its plasticity merely by the 
application of heat, either wet or dry, and passes to the rigid state again 
by a reduction in temperature, without any appreciable chemical 
change. This process may be repeated a number of times within 
certain limits of temperature, without materially impairing its working 
qualities. In this respect it has a great advantage over plaster for 
some impressions. 

Plaster is disagreeable to many patients in its consistency, taste, 
or lack of taste, and its gritty, earthy feeling. Its tendency to trickle 
into the throat while in the plastic state, or when set, to break off 
in small fragments which also work into the throat, 1s more apt to 
cause ‘“‘gagging” than when compound is used. It may also cause 
pain to sensitive teeth from its low temperature, and some even object 
to its dead white color. ‘Too little attention has been given to these 
disagreeable features of its use, most of which can be removed or 
avoided by a little ingenuity and forethought for the patient’s comfort. 
By having a solution at hand containing coloring matter such as 
carmine, and some flavoring substance such as oil of cassia, and adding 
_a few drops of this to the water for the plaster mix, an agreeable color 
and odor are imparted and the taste improved. By using warm 
water for the mix, the shock of cold on sensitive teeth is avoided, and 
the tendency to work back into the.throat can be largely controlled 
by the position of the patient’s head, and by inserting only the mini- 
mum amount needed for the impression with some allowance for 
necessary surplus. 

The taste of compound is disagreeable to some Satie but it is 
more nearly universally agreeable than plaster. Neither plaster 
nor compound are injurious to the tissues, except that compound may 
be if it is inserted when too hot. This can only occur as the result of 
carelessness, as the compounds which are prepared for impression use 
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attain their best plasticity at a temperature considerably below the 
point of tolerance of the oral tissues, and are injured by a heat which 
would be uncomforatble to the patient. 

Plaster will copy fine details with less pressure than compound, 
which is of undoubted advantage where an impression in their normal 
state is desired of easily displaced tissues. When conditions are such 
that the slight pressure necessary with compound may be applied, it 
reproduces fine lines with all the faithfulness necessary or desirable 
in dental work. 

It has been urged in favor of plaster and against the use of compound, 
that the former when set will fracture instead of being distorted by 
forcible removal where undercuts exist. Compound will also fracture 
in removing from undercuts when chilled, but with much more diffi- 
culty than plaster, because of its greater tenacity. Instead of being 
regarded as prohibiting its use this should be recognized as a valuable 
quality and the limitations it imposes met by a modified technic. It 
has also been said that the greater the difficulty involved in taking 
an impression, the greater is the desirability of using plaster. This 
statement should be qualified. When for any reason, it is necessary 
to reproduce the details of undercuts or constricted spaces between 
teeth where such spaces have been partly closed after the loss of teeth, 
then plaster is the proper material for the purpose because of the 
fact that it may readily be fractured and taken away In sections, though 
the same effect may be secured usually by taking a compound impres- 
sion, one section at a time, by the so-called core method. In making 
partial dentures, especially those of metal construction, it is usually 
neither necessary nor desirable to reproduce the undercuts in the 
first impression if the base-plate is to be made separately as a foundation 
on which to complete the second impression and the mounting of the 
teeth. In this case, the use of compound for the base-plate impression, 
followed by plaster for the second impression including the base- 
plate and the remaining teeth, seems a logical procedure, as it is 
attended by greater comfort for the patient and less difficulty for the 
operator. — 

Both plaster and compound pass from the plastic to the rigid state 
promptly. The time required for “setting,” as this phenomenon 
exhibited by plaster is termed, may readily be modified within certain 
limits by manipulation and by the addition of other substances to the 
mix .which retard or accelerate the setting, and acceleration is much 
more easily accomplished than retardation. A good grade of impres- 
sion plaster is expected to set in from three to five minutes when 
mixed in the ordinary manner. Protracted stirring during the mix, the 
increase of the amount of plaster in proportion to the water, and 
the use of warm or hot water all increase the speed of setting. These 
measures may be employed either singly or in combination. 

Acceleration of setting is also accomplished by the addition of 
substances known in chemistry as catalyzers, which modify the 
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chemical reaction, but apparently do not enter into the resultant 
new chemical compound formed in the reaction. Potassium sulphate 
and sodium chloride, sprinkled in small quantities in the water before 
making the mix, are commonly used for this purpose, but many other 
substances have the same effect. Ordinary sugar is said to act very 
satisfactorily as a catalyzer and to improve the taste of the plaster. 
Retardation is seldom resorted to, but can be accomplished to some 
extent by reducing the amount of plaster in proportion to water in the 
mix, and by the minimum amount of stirring which will serve to 
combine the two. Thinning the mix cannot be carried very far with- 
out making the plaster, when set, so weak and friable as to greatly 
impair its usefulness. Further retardation may be had by the use of 


a catalyzer, which in this case may be said to have a negative action. — 


Glue dissolved in the water is said to have this action and not to impair 
the strength of the plaster when set. For impression work it is almost 
invariably desired to reduce rather than increase the time of setting, 
because the plaster can be very quickly introduced into the mouth 


and carried to place without delay, after which, the more rapidly it. 


sets, the better. Rapid setting reduces the liability of the plaster wash- 
ing away from the edges of the impression in the saliva, and also makes 
for the comfort of the patient. It is well to bear in mind also that 
accelerated plaster evolves more heat than when allowed to set slowly, 
therefore if hastened too greatly in its setting it is likely to cause 
discomfort when‘used in the mouth. 

Compound cannot well be controlled in its time of hardening except 
by the amount of heat applied to soften it, or more properly, the 
temperature at which it is introduced into the mouth, and by the use 
of cold water to chill it when in position. The latitude of temperature 
variation with maximum plasticity is small, but the use of cold water 
to hasten hardening is quite permissible after the initial hardening has 
begun, though this is usually not necessary. 

Both plaster and compound are subject to further physical change 
after the initial set or hardening has taken place. Plaster expands 
during the process of setting and continues to expand more slowly for 
a considerable and variable length of time afterward. No experi- 
mental work bearing on volumetric changes in compound has come to 
the writer’s notice. It is generally believed to be subject to very little 
if any expansion or contraction after once becoming thoroughly cooled 
and hardened, but a compound impression is thought to warp or become 
distorted from the original shape to some extent when again exposed to 
moderate variations in temperature such as would occur in an ordinary 
room. In the absence of experimental proof it seems reasonable to 
assume that this would be the case. Being made plastic by heat and 
molded into form while in that condition, then hardened by removal 
of the heat, some parts of the mass must be under greater tension than 
others, tending to make it revert to the original form. Impressions 
consisting of a thin layer of compound, or alternating thick and thin 
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sections, are therefore more likely to become distorted than those of a 
uniform thick mass. 

For the above reasons it is best to prepare and fill all plaster and 
compound impressions with the cast material as soon as possible after 
their removal from the mouth, for while the error due to such changes 
may not be very great, it is added to the total of the errors inevitably 
accruing in the process of producing a denture from the intial step 
comprised in the impression. 

Compound does not deteriorate in any perceptible manner when 
kept on hand indefinitely. The same cannot be said of plaster, which 
slowly absorbs moisture from the atmosphere, becoming “air slacked,”’ 
as it is termed, and thereby having its setting qualities materially 
altered, unless it is stored in air-tight receptacles, completely filled 
and sealed. 

Derivation of Plaster.—Gypsum, from which plaster is made, is a 
mineral substance widely distributed in the earth’s crust. Chemically, 
it is a hydrated calcium sulphate, having a formula of CaSO,+2H,0, 
from which a portion of the water is driven off by heat to form plaster, 
leaving a half-hydrated calcium sulphate with the formula: CaSO, + 
2H,0. Gypsum occurs in large opaque, crystal masses of various 
colors, the latter due usually to the oxides of iron which it contains 
as an impurity, and which impart to it varying shades of yellow, 
brown and red, and even color it black. .A fibrous form of the mineral 
is known as satin spar or fibrous gypsum; the snowy white, trans- 
lucent variety known as alabaster, and a crystalline, transparent variety 
known as selenite. 

Gypsum used in the manufacture of plaster is seldom found in a 
pure state, but contains various other substances in small quantities 
as impurities, such as magnesium or calcium carbonate, iron oxides, 
clay and sand or silica, which do not materially impair its properties 
for building purposes, but are objectionable when it is to be used for 
dental plaster. Selected rock only should be used for this purpose, 
and the manufacturing processes must be carried out with close atten- 
tion to all details if uniformity of working qualities is to be assured. 

Process of Manufacture.—Briefly described, the preparation of 
plaster consists of a partial dehydration of the dihydrate gypsum by 
means of calcination, thus converting it to the half-hydrate, pulverizing 
or grinding, and the separation of the ground product into different 
grades of fineness by sifting or equivalent means. For some purposes 
the elimination of water is carried still further, and such products are 
commonly referred to in a general way as ‘“‘overburned”’ or ‘‘dead 
burned” plaster. 

Pulverization may precede the calcination, as in the early method 
known as the “kettle” process, or the procedure may be reversed, 
as in the more modern rotary cylinder process. The latter is a con- 
_ tinuous process by which the rock, first broken into pieces of convenient 
size, is introduced into a rotary kiln of tubular form, through which it 
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slowly progresses for a length of time governed by the speed of rotation 
and in accordance with the temperature used, which is varied to suit 
the use for which the resultant product is intended. From the kiln, 
it is led to the grinding or pulverizing machinery, which in some plants 
consists of a “ball mill” that reduces the lumps to powder by the 
impact of balls in the interior of a rotating, barrel-like drum. By 
some manufacturers, the finer particles are drawn off by a current of 
air (hence “air-floated’’) and collected in suitable chambers as dental 
plasters, the coarser grades being used for building purposes, and 
modified usually by the addition of accelerators or retarders for special 
uses. In some cases dental plaster is also modified, usually by an 
accelerator, according to the practice of the individual manufacturer 
and the characteristics of the rock peculiar tothe locality from which it 
is obtained. | 

When properly mixed with water, plaster has the property of taking 
up the molecule of water of which it has been deprived, and of again 
becoming a dihydrate by the process of crystallization. The speed — 
with which the crystals form is governed by several factors: the fineness 
of the particles, the degree of dehydration, the temperature of the 
water, and the presence of accelerators or retarders incorporated by 
either the manufacturer or the user. The strength of the crystallized 
mass is directly proportional to the size of the crystals and the slowness 
with which they form, the latter determining their compactness by 
intimate contact and interlacing. Impression plaster therefore, which 
is required to set speedily, is a relatively weak plaster and not fit for 
other uses. 

The claim is made by some manufacturers of dental plaster that 
their product is made from the highest grade and purest quality of 
gypsum obtainable, without the addition of accelerators or retarders, 
but the temperature at which they calcine and other details of the 
process they are inclined to regard as “trade secrets.” It is known, 
however, that calcination at temperatures above approximately 190° C. 
leaves the product with less than one-half molecule of water, approach- 
ing the anhydrous state as the temperature is increased above that 
point. Such plasters set very slowly, requiring many hours or days, 
but attain greater hardness, and in general their expansion may be 
said to be less. By adding an accelerator in the process of manufac- 
ture, as previously mentioned, the setting time is kept within usable 
limits, without materially impairing the hardness. In general such 
plasters are known commercially as “cement” plasters, or “hard 
finish” plasters. In recognition of the value of the hardness and low 
expansion of such a product in dentistry, several plasters of this type 
have come into more or less general use in recent years in prosthetic 
work under the rather misleading general name of “artificial stone.” 
The purposes for which they are adapted and other details will be 
taken up later. 

Compound is prepared by comparatively few manufacturers, who 
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generally consider their formule and methods of combination trade 
secrets, so that it is not possible to give herein any definite information 
in this regard as to the various brands. The basis of the material 
is known to be a combination of one or more vegetable gums or resins 
with mineral fillers, flavoring and coloring matter. The resins suitable 
for this purpose are the same as those used in varnish making, such 
as copal, dammar, and kauri. Powdered tale, commonly known as 
soapstone, is used as a filler and possibly some of the infusorial earths. 
Stearin helps to control the stickiness of the gums, while carmine or 
some dye material may be used to impart the color. 

Prothero quotes a formula furnished by E. Loyd Williams of London, 
with instructions for compounding, which may be considered typical 
of this class of materials. It 1s as follows: 


Kauri Pe Ran fd ns) Co hn. ee eel a aM Me ah ren aad. Y7 Li DHE G 
French chalk Oe Da RNS 2k hg 9 ER Re ae a 
Toc ech ai ie ie aie SRE RL eT SREE NOME, catery Alea. Sc ar be ae Sagi eee Loe 6 er 


“The stearin is first melted, the kauri added, and the two thoroughly 
incorporated, then the chalk is gradually sifted in and the mass kneaded 
until well mixed. The coloring and flavoring ingredients should be 
incorporated in the stearin and gum before adding the soapstone.” 
This formula is said to produce a yellowish-white material. 

A German investigator,: in reporting an examination of materials 
of this class writes in part, as follows: | 

“The plastic impression materials used in dentistry are composed 

chiefly of resin and stearin, to which, for the sake of obtaining a certain 
consistence, fillers, such as talcum, are added. Some dyestuffs and 
a few drops of an ethereal oil improve appearance and taste. Under 
a low-power microscope these materials present the picture of a uni- 
form surface, permeated by fatty acid needles, particles of the filler 
employed and the coloring matter. Besides these we observe more or 
less dissolved resin particles which are easily recognized by their 
yellow color. The size of these resin particles directly influences the 
plasticity of the material . . . The temperatures at which the 
various materials tested became soft and workable varied between 
41° and 45°C. . . . The tests carried out by the writer with the 
micrometer method of measurement showed in the various brands 
examined, a variation of contraction of from 0.005 to 0.035 mm. 
On the whole the volumetric changes in these impression materials 
do not differ very widely, since a difference in temperature of only 
about 20° C. is to be reckoned with, the various materials being workable 
at from about 40° to 60°C. . . .” | 

“Tf placed in boiling water the composition of modeling compound 
is altered entirely. Fatty acids and resin particles are dissolved or 
melted out, and the change in the quantitative ratio of the materials 


1 Schvenbeck, F.: Zahnarztliche Rundschau, January, 1913. 
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contained in the compound naturally alters the physical behavior 
of the mass.”’ 

Brands, Packages Supplied.—Dental plasters are offered for sale 
under many brands, some for special purposes, and with various claims 
of superiority. ‘There are undoubtedly slight differences due to the 
manufacturer’s individual practice as to calcining, grinding, accelera- 
tors added, blending, and the source from which the rock is obtained. | 
It has been the writer’s experience with various brands, which probably 
holds true for all, that each will give good results if its peculiarities 
are determined by experimental mixes, the manufacturer’s directions 
followed and reasonable care used to prevent deterioration by exposure 
to the air. The last is particularly necessary with impression plaster, 
_ since its most essential quality, rapidity of set, is quickly impaired by 
absorbing moisture from a humid atmosphere. For this reason, it is 
best to obtain it in small packages, or at least to keep a small quantity 
for immediate use separate from the main supply. Plaster is sold in 
packages containing from approximately 1 quart up to a barrel, so 
that the needs of any user may be met conveniently. 

The use of compound for impressions has become restricted almost — 
entirely to one brand, because of its superior qualities of fineness of 
grain, low heat required for its softening, and prompt hardening as 
soon as its temperature is again somewhat reduced. No deterioration 
problem being involved, the packages are of practically uniform size, 
and for convenience, several forms of the material are supplied, namely: 
cakes for impressions, wafers for refitting plates, and sticks of two 
degrees of softness for adding small quantities of the material in melted 
form around edges or other parts of the impression. 

Reference has already been made to a compound supplied for the 
special purpose of forming the tray for plaster impressions. 


EQUIPMENT FOR IMPRESSION TAKING. 


The equipment necessary for using either plaster or compound is 
quite simple, especially for plaster. More elaborate apparatus which 
has been developed for compound adds to convenience in its use but 
is not essential for entirely satisfactory results. 

For plaster impressions, a bowl for mixing, and a spatula for stirring, 
some coloring and flavoring material and accelerators previously 
mentioned, are practically all that is necessary. 

Impression trays for carrying the mix to the mouth and holding it 
while setting will be described later. The bowl may be of porcelain, 
with a rounded bottom which presents advantages in appearance and 
cleanliness, or. the rubber bowl made especially for mixing plaster, 
which has come into quite general use. The latter is obtainable in 
several sizes, and has.advantages in its flexibility which makes it easy 
to bend up the edge and use it as a spout in pouring, the ease with which 
it may be cleansed even after the plaster has set, and its unbreakable- 
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ness. Steel spatulas, of the type used by druggists, are frequently 
used by dentists for mixing and placing plaster, but are ill suited to 
this purpose because of their great flexibility and the difficulty of 
keeping the blade free from rust. Spatulas made of nickel alloy are 
obtainable, and are far better for dental use than those of steel. 

For compound impressions, the material may be softened either 
by dry heat or in hot water, but the wet method is to be preferred. 
For this purpose, an enameled pan, preferably with straight sides, in 
which to heat the water and soften the compound, means for producing 
heat such as a Bunsen burner, and a spider on which to support the 
pan are required. While good results may be obtained even with this. 
meager equipment, it will be found difficult to constantly maintain the 
temperature best suited to the compound,.and to avoid overheating 


Fig. 57.—Supplee’s heating outfit for compound. (Wilson.) 


it or having it stick to the pan. By applying the heat by means of a 
small electric heater of the immersion type suspended below the surface 
of the water, but not at the bottom, and by adding a thermometer 
fixed in the pan, a much’ better control of the heat can be secured. 
Sticking of the material will not so readily take place, and can be 
prevented by a piece of thick rubber dam laid on the bottom of the 
saucepan. An apparatus designed along these lines and giving most 
satisfactory results in use is on the market (Fig. 57). 

In addition some means should be provided for softening thin edges 
or small areas of the compound while modifying the impression. A 
small and convenient mouth blowpipe has been devised for this purpose 
which can be attached to the ordinary alcohol lamp or Bunsen burner, 
and produces a tiny flame easily controlled and directed. The bench 
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blowpipe designed for fine soldering such as orthodontia work will 
also serve the purpose successfully. 


Fic. 58.—A student’s compound heating outfit with waxing torch attached. 
Front view. 


Fic. 59.—Student’s compound heating outfit, side view. The Bunsen burner is in 
use for softening the impression along the periphery. 


A device for heating compound was designed by the writer primarily 
for students, and has proven to be highly convenient and practical for 
office use also. It utilizes gas alone for heating, requiring only a 
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piece of rubber tubing for attachment to any gas cock, and no wire 
connection. It is so simple in construction and operation as to be 
almost proof against getting out of order in any way, and eliminates 
the expense and delay incident to the occasional “burnout” of -an 
electrical heating unit. It is made of standard gas fittings, together 
with a thermometer, two small dental office gas burners (one known 
as a waxing torch) and is mounted on a ring stand of the kind used in 
chemical laboratories, which holds the bowl for hot water. Another 
bowl for cold water is placed close at hand on the table (Figs. 58, 59 
and 60). 


Fie. 60.—Student’s compound heating outfit. The waxing torch is in use for soft- 
ening a small area of the edge of the impression. ‘The Bunsen burner has been swung 
under the hot water bowl to keep the contents at the proper temperature. 


Impression Trays.—To carry the impression material to the mouth 
and retain it while hardening, an impression tray of some sort is 
required. 

This is usually in the form of a shallow cup, conforming somewhat 
to the shape of the upper or lower arch for which it is tended (see 
Figs. 61 to 65). Sometimes the tray may be dispensed with entirely, 
as in the case of some small compound impressions, when the material 
is introduced as a lump and pressed into place with the fingers or in 
a small plaster impression, when the material may be carried to the 
area desired with a spatula and allowed to settle into place while still 
plastic, or pressed in contact with the tissues by the patient’s lips, 
cheeks, or tongue. 

Impression trays are furnished in a great variety of shapes graduated 
for all sizes of dental arches, not only for the entire arch, but for small 
areas as well. The partial trays are available for a right or left half 
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Fig. 62.—Edentulous upper impression 
tray with deep flange for plaster 


Fig. 61.—Edentulous upper impression 
tray for plaster 


Fie. 64.—Tray for partial upper plaster 


Fic. 63.—Edentulous lower im- 


-impressions. 


pression tray for plaster. 


Fig}65.—Tray for partial lower plaster impressions. 


¥ 
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of either upper or lower jaw, for the anterior portion only, or for some 
special types of work and are made so that they may be used in any 
part of the mouth. One of this variety is made with a handle which 
can be swung in any direction, and is known as a crown and bridge 
tray (see Fig. 66). Small trays with hinged backs are also furnished 
for taking impressions of a single tooth or several adjoining teeth. 
Trays for taking impressions of edentulous mouths are made with 
rounded bottoms to conform somewhat to the shape of the gums after 
resorption has taken place, those for the lower jaw also being curved 


Fig. 66.—Tray for partial lower impres- Fig. 67.—Crown and bridge impression 
sions with anterior teeth. (Wilson.) tray, universal. (Wilson.) 


in the antero-posterior direction. Those intended for taking impres- 
sions of a full arch of teeth or teeth remaining at intervals are made 
with flat bottoms and high sides, and still others are furnished with 
depressed or cut out portions to receive the imprint of a group of 
teeth in the anterior part of the mouth, and a curved portion at a 
different level for the impression of the posterior portion of the ridge 
where the teeth are missing (Fig. 67). 

A greater variety of trays is furnished for plaster impressions than 
for compound impressions, and those for compound are of simpler 
form, for the reason that the tray is of greater importance in the success 
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of a plaster impression than of a compound impression. Some opera- 
tors dispense with the tray entirely in taking a compound impression 
of an edentulous mouth, using a broad flat spatula-like piece of metal 
to carry the mass of compound to the mouth for the first insertion, 
after which even this is discarded. Some operators, in taking a 
plaster impression, first use a tray to carry compound in which to 
get an imprint of the jaw, after which the metal tray is discarded 
and the compound used as a tray for the plaster to complete the impres- 
sion. For partial cases presenting special difficulty because of under- 
cuts, irregular alignment of the teeth or unusual shape of the alveolar 
ridge, it is often advocated that special trays be made, but this is 
seldom necessary if a combination of plaster and compound be used, 
or if a metal or vulcanite base-plate be made prior to the mounting of . 
the teeth. Some advocate the swaging of metal trays on dies for 
each edentulous case, claiming thereby to obtain more certain and 
definite results, but in view of the excellent results attained without 
this extra step, it may well be omitted by the skilled operator in all 
cases but those of abnormal shape and size, and special cases where 
large portions of the alveolar process have been lost. 

The impression tray serves other purposes than that of carrying 
the impression material to the mouth and holding it in position. The 
handle of the tray affords a convenient means of guiding the impression 
to place, and indicates the relative position of the tray with reference 
to the cheeks and lips. When a plaster impression must be removed in 
several irregular sections separate from the tray, the latter may be used 
as a guide in which to assemble the different parts in their correct 
relation. 3 

Materials Used for Impression Trays.—Impression trays are usually 
made of metal for durability, strength and lightness and a certain 
amount of rigidity. Various other materials have been tried, such as 
porcelain, or other earthenware, celluloid, and heavy waxed paper, 
but most of these, either because of too rigid construction, or some other 
lack of adaptability, have found a very limited use or have been 
entirely discarded. The trays commonly used are of Britannia metal 
or similar alloy, or of sheet aluminum, both of which permit ready 
trimming and bending to adapt the tray to the individual case and 
yet possess sufficient rigidity to maintain the shape even with consider- 
able pressure. The Britannia trays are made by casting the low-fusing 
alloy into molds, while the aluminum trays are pressed in dies. Cast 
aluminum trays, as usually manufactured, though light and strong, 
are too rigid to be readily adapted by bending and therefore have not 
proven very successful. The small trays used for crown and bridge- 
work and for impressions of single teeth are furnished in brass, nickle 
plated. When it becomes-necessary to make a tray by swaging for 
a special case, block tin, heavy sheet lead, sheet brass or aluminum may 
be conveniently and successfully used. It is frequently found con- 


IMPRESSION TECHNIC 113 


venient as well as a saving of time, to bend sheet wax into an approxi- 
mate form and use it for taking a plaster impression of a small area, 
including one or more teeth. 


IMPRESSION TECHNIC.! 


Position of the Patient.—For all impressions, the seating and position 
of the patient should receive careful attention, and are of great import- 
ance to both the patient and the operator, in order to assure the maxi- 
mum of comfort to the patient, and permit of the greatest convenience 
and accessibility for the operator. For plaster impressions particularly, 
the patient’s clothing must be carefully protected from small fragments 
which become detached, and from the possible overflow of saliva 
stimulated by the presence of the plaster in the mouth. A large towel 
fastened at one end around the patient’s neck, and so placed as to 
cover the lap as well as the chest, is usually sufficient. A specially 
made bib, large enough to cover the shoulders and arms as well as the 
chest and lap, affords positive protection, and makes a good impres- 
sion on the patient by the evidence of care it affords. | 

It is assumed that a dental operating chair is to be used, though 
a very satisfactory chair for impression work is obtained by fitting a 
library armchair having leather cushions, with a portable head-rest, 
and mounting on a low platform to give it sufficient height. No matter 
what chair is used, in taking impressions the patient’s head should 
never be tipped back, and the chair itself should be inclined but slightly 
from the vertical. | 

An approximate rule to follow as to the relative position of the 
patient and operator for upper impressions, is to have the patient’s 
chin on a level with the operator’s elbow, and for the operator to stand 
at the side of, and slightly back of the patient, partly turned toward 
the patient, but facing in the same general direction (Figs. 68 and 69). 
For lower impressions, the patient’s chin should be about on a level 
with the operator’s shoulder, who stands at the side, slightly in front 
of, and facing the patient (Figs. 70 and 71). 


1 For convenience and brevity the technic given here follows the mandatory form. 
It is to be understood that the procedures are typical, and are subject to variation 
as occasion demands. They form a composite, drawn from experience, observation 
and the writings of others, to whom the writer gratefully acknowledges his indebtedness. 
In each case the method outlined has been found to give good results in the hands of 
students, who without doubt find impression taking one of the most difficult phases 
of prosthesis. 

Too much credit cannot be given to the men who, by their earnest efforts and enthu- 
siasm, have added to the knowledge on the subject, and increased the appreciation of 
its importance in determining the success of artificial dentures. 

Among these may be mentioned the late Drs. J. W. Greene and George H. Wilson, 
Drs. Prothero, Giffen, Hall, House, Clapp and Tench, Mr. Supplee and others. For in- 
formation regarding their special methods, the merits of which cannot be discussed here, 
the reader is referred to current dental literature. 
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Fic. 68.—Proper relative positions in height of patient and operator for taking upper 
impressions. 


Fic. 69.—Inserting ths tray in taking an upper impression. 
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Fie. 70.—Proper relative positions in height of patient and operator in taking lower 
impressions. 


Fic. 71.—Inserting the tray in taking lower impressions. 
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PLASTER IMPRESSIONS. 


Selecting the Tray. — Edentulous Cases.—Observe the form of the arch, 
its symmetry, outline and height, and in the upper jaw, the height of 
the vault. By comparison, select a round-bottomed tray which 
approximates the size of the arch, with preference for one which 
may be somewhat too large rather than one that may prove to be 
too small. Try it in the mouth, settle it gently to place, and with a 
mouth mirror examine the position of its periphery with reference to 
the soft tissues and make sure that its posterior border, in the upper jaw, 
passes well over the tuberosities and reaches to the junction of the 
hard and soft palate, previously determined by digital examination, 
and marked, for convenience, with an indelible pencil. In the lower 
jaw, see that it reaches the base of the ramus where it begins to curve 
upward. See that the walls of the tray reach to the base of the ridge, 
with a slight space existing between the bottom of the tray and the 
summit of the ridge, as nearly as may be determined. 

Trimming and Adapting the Tray.— Wherever the tray may impinge 
on soft tissues at its periphery enough to cause discomfort, trim it 
away with shears, and smooth with a file. If it does not entirely 
‘nclude the areas desired, select a larger one, or build it out with 
compound until it does. Bend the walls of the tray inward or outward 
as may be necessary, so that they will not touch the sides of the ridge; 
an allowance of about 3 mm. between tray and ridge is to be made for 
the plaster. 

Make similar adaptation, if possible, for the vault in the upper jaw, 
flattening or deepening the curve of the bottom of the tray as may be 
indicated. If the vault be a very high one, it will be necessary to 
build up the bottom of the tray in the posterior part, as follows: have 
the surface of the tray dry, and lay on it a small roll of compound 
softened by dry heat. Work this into approximate shape with the 
fingers, dip in hot water, insert in the mouth, and press the tray gently 
to place to form the compound to the surface of the palate. Remove, 
and trim any surplus or sharp edges. This roll or ridge will insure the 
plaster being carried into contact with the tissues when taking the 
impression, and also will cut it off with a clean definite edge. 

To extend the edge of the tray at a deficient place, have it dry, smear 
the surface with the end of a stick of compound heated in the flame to 
the sizzling condition, add a small mass of compound softened by dry 
heat, pinch it into the approximate shape desired with wet fingers, 
then carry the tray to the mouth and adapt the addition to the tissues 
by gentle pressure. The object sought in thus adapting the tray is 
to have it carry the plaster positively to all the area to be included in 
the impression and slightly beyond, without causing undue pressure 
at any point. Never score or mark a tray to make the plaster stick 
to it; it is better to smear its surface with a stick of sizzling hot com- 
pound, or melt wax on it. 
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Selecting Trays for Partial Cases.—Use the flat-bottom type of tray 
for partial denture cases, or when an impression is desired with all the 
teeth present, as for instance in orthodontic work, for which a special 
type of tray with very high sides has been designed. 

Fit and adapt the tray in a similar manner to that described for 
edentulous cases, but make allowance for a larger bulk of plaster 
around the teeth buccally and along their occlusal surfaces, as these 
parts of the impression must usually be fractured and removed separ- 
ately from the main section, and will become comminuted and difficult 
to reassemble if the plaster is in too thin a layer. 

For a lower or an upper case with only the anterior teeth present, 
trim away all the labial wall of the tray corresponding to the area 
that these teeth occupy. For cases with teeth and spaces alternating 
_around the arch (Kig. 72), leave all the tray walls intact, or adopt an 
alternative method as directed under ‘‘Compound Sectional Impres- 
sions.” 


Fie. 72.—Partial lower with teeth and spaces alternating. For plaster impressions 
of this type of case the tray should be fitted with labial and buccal walls intact, as in 
Fig. 65. 


Making the Mix.— Measure in the bowl 30 to 50 cc. of tepid water, 
which is sufficient for any impression of ordinary size. Add a few 
drops of coloring solution and a small pinch of the accelerator in 
powdered form, if it is desired to use one. Slowly sift in impression 
plaster with an ordinary small size wire kitchen strainer of about a 
half-teacup capacity by tapping on the handle. When plaster has been 
incorporated until all the water appears to be absorbed, cut the spatula 
through the mass rapidly several times and stir only enough to insure 
complete combination of the water and plaster. This will produce 
an average consistency, which may be easily tested for a lower impres- 
sion by placing the plaster in the tray with the spatula or by pouring 
from the lip of the bowl. Invert the tray; if the plaster drops too 
readily, return it to the bowl and sift in a slight additional amount. 
Make the mix deliberately, but get it into the tray and carry it to the 
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mouth as promptly as possible in order to leave the maximum time | 
for manipulation of the plaster in the mouth before setting begins. 

Endeavor to proportion the amount of plaster to the size of the 
impression and the area it is to cover, with only a slight surplus. 

Inserting the Tray.—Caution the patient to open the mouth only 
partly, so as to leave the labial muscles relaxed. a 

Upper Impression.—For an upper impression with patient and 
operator in the positions previously described, first insert the side of 
the tray nearest the operator into the corresponding angle of the mouth, 
with slight pressure to distend the mouth orifice, and at the same time, 
with a finger of the free hand, hold the opposite corner of the mouth 
out of the way so that the tray can be rotated past it (Fig. 69). Center 
the impression by means of the tray handle by observing its position 
relative to the median line, and settle it to place with gentle pressure 
and a rocking motion. 


Fic. 73.—Holding lower impression in place during setting of the plaster. 


With a finger of the free hand, draw the lip out from the tray all 
around and allow it to settle back evenly, making pressure, if neces- 
sary, through the lip and cheek to direct the plaster into the space 
at the base of the ridge. Next stand directly back of the patient and 
with a finger of each hand under the tray in the bicuspid regions, have 
the patient incline the head slightly forward, and hold the impression 
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steadily, with light pressure, until the plaster sets. This position of 
the patient reduces the tendency to nausea often encountered, by 
permitting the saliva and small particles of plaster to run forward and 
to be readily removed in a towel by the patient or the assistant. 

Lower Impression.—After having arranged the relative position of 
patient and operator as described for a lower impression, proceed as 
for an upper case with these exceptions: Insert the side of the tray 
farthest from the operator first at the corresponding angle of the mouth 
(see Fig. 71), and when holding the impression during setting, retain 
the operator’s original position and place a finger of each hand on top 
of the tray, with the thumbs under the lower jaw (Fig. 73). 

Test the plaster remaining in the bowl as setting takes place, by 
pinching between the thumb and finger small fragments broken from 
the mass. When they crumble with difficulty, without the appearance 
of free water, it is safe to remove the impression, with the assurance 
that any fractures that may occur in doing so will be produced with 
sharply defined edges without crushing. This stage of setting may be 
somewhat anticipated for edentulous impressions, and in any case 
setting of the impression will be somewhat in advance of the plaster 
left in the bowl because of the heat of the mouth. 

Removing the Impression.— For edentulous impressions, It is usually 
only necessary to make slight pressure on the handle of the tray with an 
up and down rocking motion. The patient may assist to some extent 
by puffing out the cheeks and working the facial muscles. Occasionally 
it may be necessary to lift the lip and direct a stream of water from a 
syringe around the edges of the impression. Marked adhesion in 
such cases is often deceptive as to the success of the impression, being 
due partly to the absorption of all the free moisture on the surface of 

the tissues, and a test by reinsertion will show less “‘suction.”’ 


Fig. 74.—Partial upper with teeth in unbroken row and parallel axes. 


For partial cases including a small group of teeth in a row (Fig. 74), 
somewhat more force must be used, with the idea of fracturing the 
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plaster over the teeth at the ends of the row especially. Where several 
teeth alternate with undercut spaces, and for orthodontic impressions, 
use the same method, allowing the plaster to fracture where it will. A 
better method is to detach the tray entirely by a sharp rap on the 
handle. Provide for this in advance by having the interior of the tray 
clean and smooth and by varnishing any portion which has been built 


Fic. 75.—Partial lower with isolated teeth not parallel. Sectional impression indicated. 


on with compound or wax; after removing the tray make cuts along 
the entire length of the occlusal surface over the teeth and vertical 
ones in the cuspid regions, which will thus determine the lines of frac- 
ture. Remove the labial section first, by pressure applied at its edge 
incisally and outward, then proceed similarly with the two buccal 


Fic..76.—Partial upper with undercut spaces and teeth alternating. Sectional impression 
indicated. 


sectionseand finally remove the palatal or lingual sections. Much diffi- 
culty is often experienced because separate fragments remain in under- 
cut spaces between converging teeth (Figs. 75 and 76), and become so 
comminuted in removal as to make an accurate reassembly impossible. 
In such cases, resort to the core method or sectional impression method 
with compound. 
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Core Method.— Press small masses of softened compound into the 
undercut spaces (Figs. 75 and 76), chill, and trim while in place sufh- 
ciently to remove laterally without distortion. Trim the occlusal 
portion to a flat smooth surface somewhat shorter than the adjoining 
teeth, and likewise cut the buccal and lingual surfaces so that they 
taper slightly to the occlusal. Make these three surfaces smooth and 
rub them sparingly with vaseline. Insert these cores in proper 
places, then proceed with the plaster impression as above, fracture, 
remove, and assemble the different pieces including the cores, whose 
relative positions are clearly defined by their smooth surfaces and 
sharp angles. 

Sectional Impressions mal Compound.—Select a flat-bottom tray 
and cut away the labial and buccal walls. Smear the interior surface 
with sizzling hot compound. Soften a mass of compound, mount 
- on the tray in some semblance to the shape of the area to be covered by 
the impression, molding with moist fingers. For an upper case, 
pinch the mass into an elevation in the center of the tray so that this 
part will touch the hard palate first when inserted. Dip in hot water, 
or pass the surface of the compound through the flame of the burner 
to soften it. Insert as directed for plaster impressions, and settle to 
place only partly until the compound is seen to enter the undercut 
spaces. Allow time for the compound to become partly hardened, 
but not rigid, then remove by moderate force with a rocking motion. 
Trim away all parts which have entered the undercut spaces far 
enough to drag when removed, and all the posterior part where it is 
not intended for the plate to cover the tissues. Again soften the 
compound by dipping the surface in hot water and passing through 
the flame, or by using the mouth blowpipe, but endeavor to keep the 
interior of the mass somewhat rigid so that it will act as a core to force 
the softened part into correct adaptation. MReinsert and press to place 
with sufficient pressure to cause the softened surface layer to flow to 
all parts desired in the impression including the occlusal surfaces of 
the teeth, but not to the buccal ‘and labial surfaces of the teeth nor 
to those parts of the undercut spaces which open as embrasures to the 
buccal or labial side. Allow the compound to harden, and after 
removing it, trim away any edges encroaching upon the area last 
named. If any parts are now deficient around the periphery or the 
lingual surfaces of the teeth, “trace on’ additions of compound at 
those points, and reinsert for adaptation. At this stage, for lower 
impressions of this type, it is well to trim the periphery, especially the 
lingual part, or modify it by additions, until the impression covers 
only the parts to be included by the plate, without impingement on 
muscular tissues. 

‘The impression is now completed in all but the labial and buccal 
portions. ‘To complete these, hold the main impression in place and 
mold upon the labial and buccal aspects of the teeth and gums one or 
more strips of compound, overlapping upon the edges of the tray. Let 
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these portions harden thoroughly, or chill with a stream of water from 
the syringe. Remove all the parts and assemble with sticky wax at the 
junction of the sections and where the sections overlap upon the tray. 
Slight ridges upon the cast indicating the lines of junction may usually 
be trimmed without impairing the accuracy to any extent. 

An alternative method of completing the buccal and labial parts of 
the impression is as follows: Shape one or more strips of wax or 
compound along the edges of the tray to replace the walls that have 
been cut away and lay these strips aside. Put the modeling compound 
section of the impression in place in the mouth, heap impression plaster 
mixed to a.heavy creamy consistency upon each strip and use it as a 
small tray to carry the plaster to position upon the labial and buccal 
surfaces of the teeth and hold it there until set, when the various parts 
may be removed and assembled as above. 

For all of these partial cases with undercut spaces alternating with 
teeth, some operators prefer to take an impression as described above, 
without the buccal and labial sections, and including the lingual sur- 
faces of the teeth, but not the occlusal, allowing the impression to 
only partly fill the undercut spaces labially or buccally so that it 
may be withdrawn without dragging or distortion. From this make 
a cast and vulcanite base-plate. The base-plate is fitted in the mouth, 
and any peripheral corrections or additions that are necessary are 
made by tracing on compound at the points indicated and by reinser- 
tions in the mouth. With this corrected base-plate in the mouth, 
a plaster impression is taken including the base-plate, the remaiming 
teeth, and clasps, if these are being fitted, and removed by fracturing. 
Then the fragments are assembled together with the base-plate, forming 
a composite impression, from which another cast is made. Such a 
cast is fairly accurate in establishing the positions of the clasps and the 
remaining teeth relative to the base-plate. The base-plate is further 
utilized by mounting upon it the artificial teeth for trial in the mouth, 
after which it is either discarded in the second vulcanization or new 
rubber added to it to retain the teeth. This method has much to 
recommend it. Besides simplifying the impression taking, it presents 
many of the advantages of a rigid, accurate base-plate when taking the 
bite and trying in the teeth that are attained in the use of gold or other 
metal bases for artificial dentures. 

Modeling Compound Edentulous Impressions with Plaster Finish.— First 
take a preliminary or test impression with a loose-fitting round- 
bottomed tray and enough compound to overextend the impression 
somewhat in alkdirections, but with little attempt at accuracy or detail. 
Run up a thick cast with quick-setting plaster. Separate, and on the 
cast adapt a tray suited to the individual needs of the case. 

(It is to be understood that trays of thin soft aluminum are used, 
Fig. 77, which are readily adapted with the fingers and by burnishing 
with a heavy blunt instrument. The rounded end of the plaster 
spatula handle or a file handle serves this purpose. After experience 
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is gained, trays may be fitted in the mouth for the upper denture, 
without the plaster cast, but students should not omit this step, 
especially for lower dentures.) 


Fic. 77.—Greene-Kerr impression trays. 
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Having fitted the tray on the rough cast, try it in the mouth to see 
that there is no muscular interference, and make sure that it is trimmed 
3 to 5 mm. shorter all around its periphery than the edge of the finished 
impression is expected to be. Make a mark on the patient’s palate with 
a copying pencil 5 mm. back of the point where movement begins 
when the patient utters the sound “ah.” Trim the posterior border 
of the tray so that it will not extend beyond this point. If the patient 
gags easily, it may be cut off 2 or 3 mm. shorter. 

Preparing the Compound.—Soften a cake of compound in water at 
a temperature of approximately 70° C. Above 80° C. the compound 
is not only too soft to work to good advantage, but its quality is 
permanently impaired, and continued heating at such high tempera- 
ture makes it granular and brittle and totally unfit for use. Smear the 
inside of the tray with the end of a stick of compound heated in the 
Bunsen or alcohol lamp flame to the point where it just begins to 
sizzle, then for the average size mouth, immediately place on the tray 
about two-thirds of the cake of compound. Shape the mass with moist 
fingers to the approximate shape of the jaw, pass quickly over the flame 
to glaze the surface and dip in the hot water to prevent it sticking to 
the tissues, and insert in the mouth in the same manner as for plaster, 
press to place gently, not with enough force to cause the high points 
to cut through the compound to the tray, but aim to leave an inter- 
vening thickness of compound of about 3mm. Hold steadily in position 
until the compound is sufficiently hardened so that it will not become 
distorted in removal by coming in contact with the lips or corners of 
the mouth, and immediately after removal place in cold water and 
allow it to harden thoroughly. te 

Norte.—It is advisable for difficult cases to take an imprint of the 
cast with the softened compound in the tray, allow it to chill, then 
soften the surface by dipping in hot water and insert in the mouth. 
This aids materially in properly positioning the impression, and avoids 
a surplus of compound. 

“Tracing on’? Compound.— After trimming off surplus compound with 
a sharp knife wherever the edges are too thick, or lapped over the tray 
too much, dry the impression with a towel. Heat the end of a stick 
of compound until it will flow readily, but not to the sizzling stage. 
Heat the edge of the impression at any place where it is deficient with 
the small flame of the mouth blowpipe, and dab on the softened 
compound from the end of the stick, “tracing” or directing it where 
desired. 

Modifying the Periphery—Wherever traced-on additions have been 
made, it will be necessary to readapt and modify the periphery as well 
as at other points where folds may occur. To do this, soften the 
edge with the mouth blowpipe, dip in hot water, insert the im- 
pression, and hold in place firmly with the first two fingers of one 
hand under the palatal part. With the forefinger of the other hand 
gently roll the softened compound up against the tissues at the base 
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of the ridge, then gently press the cheek or lip against the compound 
in the softened area with the thumb or the palm of the hand, allow 
time for cooling, then remove from the mouth and chill in cold water. 
_ Muscle or Tissue Trimming.— When the periphery has been modified 
as above directed, it is likely that it will be too high at some points 
where bands of tissue are attached to the base of the ridge from the 
lip and cheeks, and will have to be trimmed to permit free movement 
of these tissues, which is best done by having them cut into the softened 
edge of the impression either by manipulation by the operator or by 
the voluntary muscular movements of the patient. Beginning at one 
tuberosity, carefully soften about one-fourth of the periphery with 
the mouth blowpipe, but avoid heating any other part, dip in hot 
water and quickly insert in the mouth. Have the patient produce 
all possible movements of the facial muscles, or the operator may to 
better advantage in most cases draw the cheek or lip of that area over 
the edge of the impression to modify it as his judgment indicates: 
Proceed in a similar manner until the opposite tuberosity is reached, 
taking in about one-quarter of the periphery each time. 

Considerable care and judgment is required in this step. Having 
the compound too hot will cause it to melt and flow out of shape, while 
if it is not soft enough, too much force will be required to make the 
tissues cut into it, and their imprint will resemble that of a tightly 
stretched string. 

To prevent too much pressure on the muscle attachments just back 
of the tuberosities, caused by the impression being too high at these 
points, soften the edge with the mouth blowpipe in this area on one 
side of the impression, place in the mouth, hold firmly, and have the 
patient open the mouth as wide as possible two or three times. Repeat 
in the same way for the opposite tuberosity. 

Refitting the Palate.—After all the foregoing manipulation with fre- 
quent reinsertions, it is likely that the palatal part of the impression 
will bear with greater pressure than other parts. To correct this, 
heat the entire palate portion with the mouth blowpipe or waxing 
torch to a slight depth only, dip in the hot water, quickly place in 
the mouth and hold with firm steady pressure of fingers under the tray 
on both sides in the bicuspid regions until cooled, then remove and 
chill. Trim off all surplus so that the entire periphery will present 
a rounded smooth edge about 3 mm. thick. 

Posterior Beading.—Roll a small piece of carding wax (used for 
mounting artificial teeth for sale) between the hands until it is reduced 
to a diameter of about 2 mm. Press this lightly to place along the 
posterior border of the impression, carrying it to the point on each side 
where the fibrous attachment to the tuberosity occurs. Warm the 
roll slightly by passing it through the flame of the burner, insert the 
impression and carry to place with a firm pressure. 

Testing for Leaks.— With a small amount of water in the impression, 
insert it in the mouth and make intermittent pressure on it, alternating 
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from side to side in the first molar regions, and from each tuberosity 
to the anterior part and back again. Watch carefully for any bubbles 
that may appear around the edge, and wherever this occurs, trace on 
more compound, readapt and test until it is certain that no leak remains 
at any point. | 

Such an impression would now be considered as finished by those who 
advocate the use of compound alone for edentulous impressions, and 
if made by a skilful operator sufficiently experienced in this method 
would yield good results. In the hands of a student or other operator 
of limited experience, the impression at this stage might have many 
defects overlooked or perhaps ignored because of a misleading effect 
of so-called “suction.’”’ Suction in itself, either in the impression or in 
the denture made from it, is not sufficient to insure the lasting or stable 
retention of the denture. Therefore, as a final step it is strongly advo- 
cated that the compound impression be finished with plaster, given a 
“plaster wash” as it is commonly termed, thus utilizing the superior 
qualities of plaster for correcting surface adaptation and copying fine 
detail. 
- Finishing Compound Impressions with Plaster.—Mix impression plaster 
to a creamy consistency, using warm water and an accelerator, pour 
it or brush it into the compound impression until it covers the entire 
surface, then give the impression a sharp fling to throw out all but a 
thin coating. Insert in the mouth and seat with a rocking motion to 
force out all surplus plaster. Draw out the lip and cheeks so that no 
folds will be left along the periphery. Instruct the patient to sit erect 
or lean forward slightly and to relax the cheeks and lips as much as 
possible. For an upper impression, stand back of the patient and — 
hold the impression firmly and steadily in place with the fingers under 
the tray on both sides in the bicuspid and molar regions. For a lower, 
stand in front and at one side of the patient and hold the impression 
with fingers above the tray and thumbs under the mandible. Keep 
the impression in place until a test of the plaster left in the bowl 
indicates thorough setting by showing a clean fracture when a piece 
is broken and until moisture cannot be readily expressed from a small 
fragment crushed between finger and thumb. It is well to use a time 
factor, which avoids uncertainty and makes tests unnecessary, thus 
leaving the hands free to hold the impression steadily throughout the 
period determined upon. It has been found that if the impression is 
held in position for two minutes and then allowed to remain in place 
without pressure, undisturbed by patient or operator for a further 
period of three minutes, this procedure provides sufficient time for 
setting as described above and enough latitude to cover variations in 
several different brands of plaster with which it has been used. 

Removing the Impression.—Such impressions as have just been 
described are usually difficult to dislodge, and every effort should be 
made to get them out without breaking away small fragments around 
the edges. In removing the impression, have the patient assist by 
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puffing out the cheeks, and if necessary use the water syringe to direct 
a stream of water around the edges, or if compressed air is available 
use it in the same manner, which is the best means of all for this pur- 
pose. After removal, wipe away the saliva and any small fragments 
of plaster from the surface of the impression with a tuft of cotton, 
but do not wash in running water, and if possible, as soon as the 
plaster appears dry and free from surface moisture, immediately pre- 
pare the impression for pouring the cast. | 

Lower Impression.—The procedure for the lower impression is very 
similar to that just given for the upper, but a few differences are to 
be noted. . | 

Shaping the Tray.—After the preliminary impression has been taken 
and the cast made, the tray should be fitted and conformed approxi- 
mately to the anterior part of the ridge, as for the upper, and trimmed 
about 4 mm. shorter than the edge of the finished impression is to 
extend. At the posterior portions of the ridge, the tray is made to 
extend well down on the lingual side and trimmed quite narrow on the 
buccal side to allow for the free manipulation of the compound in this 
region with the fingers. The tray is made to conform in a general 
way also to the curve of the ridge from the median line backward. | 

If the shape or size of the ridge and arch are such that no stock tray 
can be readily adapted and made to cover the denture area, especially 
in the posterior lingual part, it is best to form on the model a wax 
tray pattern including a handle and to reproduce it in vulcanite or by 
an aluminum casting. The latter is to be preferred, as it can be more 
quickly done with a minimum of attention to fine details. The time 
thus spent can be saved in the actual taking of the impression, with 
superior results in its accuracy. 

In attaching the compound, proceed as for the upper impression, 
and make it a rule to take an imprint of the cast as suggested for the 
upper. In very simple cases only, with well defined regular ridges, 
omit the preliminary imprint of the cast, and proceed by working the 
compound in the tray into an approximate shape and insert it directly 
into the mouth. Settle the impression to place gently, rotating slightly, 
or moving forward or backward, as indicated, in order to give it a 
correct position. During this first insertion, make no effort to manipu- 
late the compound with the fingers, as this tends to make the impres- 
sion rock. Simply hold it steadily in position until hardened, then 
remove and chill. Make all necessary additions and modifications 
alter this first step, and maintain an even bilateral pressure during all 
manipulation in the mouth. | 

Determining the Periphery.—The position of the outer periphery of 
the lower jaw: from one ramus to the other must be almost wholly 
determined by the operator by finger manipulation from the outside, 
placing little or no reliance on the patient’s voluntary muscular move- 
ments. Where the impression crosses the ramus and around the poste- 
rior lingual border to a point about 15 to 20 mm. toward the front on 


128 IMPRESSIONS OF THE MOUTH 


each side, the position and length of the edge of the impression can best 
be determined by means of finger pressure inside the mouth, and careful 
observation as to any interference with the tuberosity of the upper. 
The remainder of the lingual periphery anterior to the region of the 
second molar on each side usually can best be formed by the patient’s 
muscular movements. 

Tongue Movements.—Soften the edge of the impression lingual to 
the region of the six anterior teeth in the flame as for the upper, dip 
in hot water to equalize temperature and carry quickly to the mouth. 
Have the patient immediately protrude the tongue and move it from 
side to side. Several attempts may be necessary, as the patient has 
a tendency to protrude the tongue too far and to use too much force. 

Proceed similarly, one side at a time, with the lingual region from 
the cuspid position to that of the second molar. In this area, have the 
patient first thrust the tongue forcibly into the cheek on the side 
where the modification is being made, then carry the tongue to the 
opposite side, as each of these movements produces a different muscular 
action at the base of the tongue. Trimming or adding is necessary 
from time to time, in order to secure a rounded edge and the proper 
thickness (about 2 to 3 mm.). Finally, before the plaster finish is 
applied, soften the inner edge slightly from the position of the second 
molar on one side to that on the other, insert, and have the patient 
very quickly and forcibly suck the tongue against this area. In many 
cases this will produce a peripheral lingual adaptation which is almost 
ideal and will go far toward securing so-called “‘suction” on the lower 
denture. 

Test for bubbles as in taking the upper impression. Test also for 
muscular dislodgment by having the patient speak several sentences, 
or read aloud, watching to see if the impression follows the mandible 
in its movements or is lifted by the lingual or buccal muscle or tissue 
attachments. If so, go around the periphery again and make modifica- 
tionsinareas that appear to be overextended, softening small portionsata 
time and by means of the same manipulations by operator and patient 
as have just been described. Much care and judgment must be used 
in determining the limits of the impression around the ramus and at 
the posterior lingual border. If a pronounced mylo-hyoid ridge be 
present, with the summit of the alveolar ridge at nearly the same level, 
the impression should not extend below the mylo-hyoid ridge, but should 
be carried well onto the ramus posteriorly. On the buccal aspect, the 
edge of the impression should be reduced so that it is not easily felt 
by passing the hand over the cheek perpendicularly. 

If the operator is satisfied that the peripheral border is correctly 
developed, and the impression withstands the tests reasonably well, it 
is now ready for the plaster finish. This is to be done in the same 
general manner as previously directed for the upper impression, 
except that every effort should be made to have the plaster mixed 
to such a consistency that it will set as promptly as possible after 
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being carried to the mouth and settled to place, in order to prevent 
portions of the plaster around the edges being washed away by the 
more plentiful supply of saliva present and the movements of the tongue 
the patient is likely to make before setting is completed. 

Follow the same procedure as directed for the upper in holding the 
impression steadily in place under pressure for a specified time and also 
allowing sufficient total time for complete setting of the plaster before 
removal from the mouth. It is even more necessary to hold the lower 
impression in place and also to hold it for a longer time than for the 
upper because of the reasons just mentioned. 

After removal the lower impression should be treated in the same 
manner as directed for an upper impression by cleansing its surface 
without washing in water, and by beginning to prepare it for pouring 
the cast as soon as the plaster has dried out sufficiently to receive the 
separating varnish. 


CHAPTER IV. 
CASTS AND MODELS.! 
By EDWIN H. MAUK, D.D.S. 


TREATMENT OF THE IMPRESSION PRELIMINARY TO MAKING 
THE CAST. 


FoLtow1nc the taking of the impression, the negative imprint of the 
parts for which the prosthetic appliance is to be made, the next step 
in the procedure is to produce the cast from it, the purpose for which 
the impression was made. 

When the cast is made and finally separated from the impression, 
it constitutes the positive reproduction of the parts, the surface upon 
which the denture is fashioned, or the model or pattern from which 
dies are made, which in turn are used in the process of shaping the base- 
plate, the original cast remaining as a test or proof of the accuracy of 
the resulting product. 

What has already been stated is again emphasized: The preparation 
of the impression and the making of the cast should be carried out as 
soon as is practicable after taking the impression. 

Plaster continues to expand for some time after its initial set, 
especially the quick-setting plaster used for impressions; compound is 
subject to warpage, especially when in a mass of varying thickness at 
different points and in a state of tension, as when chilled in the mouth 
after being formed to shape while soft and warm. In either case the 
impression is apt to be injured by accident or by handling in spite of 
all precautions. | 

While the errors due to warpage or expansion may not be in them- 
selves of great magnitude, they are added to other errors incident to the 
processes involved in making the denture, and as there is nothing to be 
gained by delay, it is well to take advantage of this opportunity to 
eliminate even a small percentage of error at no greater cost than that 
of prompt and intelligent procedure. 

With nearly all impressions, some preliminary preparation is neces- 
sary before the cast can be made. This varies according to the type 
of the impression and the material used but the details of procedure 
may be grouped under four general heads as follows: 

1. Assembling the parts of an impression fractured for removal 
from the mouth. 

2. Scraping or otherwise modifying the surface of the impression. 

1 See footnote, Chapter III, for definition of cast and model,—Ed, 
(130 ) 
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3. Treating the surface to insure separation from the cast. 

4. Surrounding the impression with a matrix for retaining the cast 
material while setting. 

Assembling Fractured Impressions.—When a plaster impression is 
removed in sections following the removal of the tray, small fragments 
are chipped off along the edges and at other points, which are of no 
value or importance in the impression, but adhere to its surface with 
the saliva, and must be removed at once so that they will not interfere 
with the fitting of one fractured surface to another. Washing these off 
with a stream of water softens the plaster, which is not fully set, and 
the surplus moisture thus added causes delay in waiting for it to evap- 
orate before the assembling can be begun. Brushing them off with a 
moderately stiff brush is a better method, and an artists’: flat bristle 
brush, about 10 mm. wide, is well suited to the purpose. 


Fie. 78.—Partial lower impression removed from the mouth in sections, ready for 
assembly on the tray. 


After the sections are freed of small particles and surplus saliva, 
they should be laid aside for a few minutes to allow for setting and the 
evaporation of surface moisture. Ten to fifteen minutes is usually 
sufficient. ‘The tray may be used as a guide in which to assemble the 
parts, but in many instances the expansion of the plaster is sufficient 
to prevent the impression going back to its original position in the 
tray, so that it may be more accurate to fit the pieces together by means 
of their fractured surfaces only, without the use of the tray, though it 
is true that the tray affords a certain amount of convenience in holding 
the parts in their approximate relation (Figs. 78 and 79). 

Select two of the larger fragments first, see that no small particles 
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have been left along the line of fracture, then fit them together carefully. 
They should join so perfectly that the junction appears only as a fine 
line along the surface against which the cast is to be made, unless some 
small fragment has been chipped from one of the edges. ‘This may be 
so small as to be of no consequence, or it may be found among the 
other pieces and inserted later. Hold the sections together, and fasten 
along the line of junction on the surface originally covered by the tray 
- with a few drops of smooth, molten, sticky wax. (Beeswax with 25 to 
50 per cent rosin melted together and formed into sticks for conven- 
ience.) With a hot spatula immediately flow the wax along the line 
of junction thoroughly, as otherwise it will have only a superficial hold 
and allow the pieces to fall apart easily. Proceed with the remaining 
pieces in a similar manner until all are fitted and joined. It may be 
found necessary to temporarily unfasten some large section from the 
assembly in order to let a small fragment drop into place. 


Fig. 79.—Partial lower impression assembled on the tray. 


If there are many pieces and the fracture surfaces in contact are 
small in area, it will be found helpful to reinforce the joints by laying 
pieces of match-stick or wire across the line of fracture and waxing 
them securely in position with a considerable bulk of wax. It is well 
to add such a brace to join the two posterior extremities of a lower 
impression in all cases. | 

Scraping or ‘Relieving’ the Impression.— Nearly all edentulous 
upper impressions and partial ones which cover the roof of the mouth, 
also many lower impressions in cases where the lower ridge has a thin 
sharp summit, require scraping. The object sought is similar in each 
instance, namely, to compensate for the pressure of mastication and 
the resulting movements of the dentures on their supporting tissues. 
It has been contended that if an artificial denture has perfect adapta- 
tion to the tissues, it needs no relief such as is afforded by scraping the 
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impression or by other means to aid its retention or stability in the 
mouth. Aside from the fact that adaptation, at best, can be only 
relative and not perfect, a brief consideration of the conditions involved 
will serve to show that this statement is subject to qualification. 

The alveolar process is a specialized tissue developed solely for the 
support of the teeth, and when the teeth are removed it has no further 
function, but becomes resorbed through the action of certain physiolog- 
ical processes which are well understood and need not be discussed here. 
Pathological conditions often cause the almost total destruction of the 
process before the extraction of the teeth, thus perforce, causing their 
removal for lack of support. The rate of resorption following extrac- 
tion in the interval before dentures can be made, is governed by sev- 
eral factors, among them being the continuation of previous diseased 
conditions not thoroughly eradicated at the time of extraction, and 
which delay both the progress of healing and that of resorption; also 
the bulk and shape of the alveolar process which remains, thick masses 
with dense external bony plates resorbing but slowly, likewise sharp 
spicula and continuous jagged edges. 

Fortunately it has been recognized that careful trimming and 
smoothing of the process at the time of extraction, which is simply 
good surgery, does much to hasten healing and the necessary resorp- 
tion, and to produce the favorable conditions of symmetrical ridges 
and uniform surface for the prosthetist. 

After healing and resorption have progressed to a stage permitting 
the insertion of dentures, the process of resorption is much retarded, 
but continues more or less slowly for an indefinite length of time, 
probably throughout the life of the individual, so that ultimately the 
alveolar process, especially the lower, may disappear entirely. 

Undoubtedly this secondary resorption is stimulated by the force 
transmitted in mastication through the dentures to the underlying 
tissues and, as might be logically expected, is most apparent in the 
areas through which the lines of force pass, 2. ¢., along the ridges in 
‘the axes of the artificial teeth. Though closeness of adaptation may 
aid in distributing the force of mastication over a wide area, it cannot 
prevent the intermittent movements of the dentures due to the yielding 
of the submucous tissues upon which they rest. These movements 
resolve themselves into two general phases and increase as the resorp- 
tion progresses. ‘The upper denture tends to rock upon a more or less 
centralized area of the hard palate, while the lower, owing to the 
relatively narrow base upon which it rests, tends more to a vertical. 
movement impinging upon the summit of the ridge. 

If, therefore, these conditions are anticipated and met to a certain 
extent by scraping the surface of the impression, which is equivalent 
to scraping the denture, but more easily done, a relative adaptation 
of the denture is likely to be maintained over a longer period of time, 
with better stability and more comfort to the wearer. This applies 
in a greater degree to the upper denture than to the lower, which will 
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usually require refitting about twice as often in the same mouth as 
the upper. Scraping the impression or providing relief later on the 
cast requires much care and judgment to insure its being done in the 
right place and not overdone. It is assumed that in the preliminary 
examination of the mouth, such features as hard areas and bony 
growths in the palate in the upper (Fig. 80), and thin sharp ridges in the 
lower, have been noted and a mental estimate made of the necessity 
for relief of these areas in the dentures, so that immediately after 
the impression is taken, with the patient in the chair for reference, this 
treatment of the impression should be carried out in accordance with 
the estimate formed. Necessity for relief is greater in moderately 
arched or comparatively flat vaults than where the vault has a high 
roof with an angular arch. The occasional case which presents 
a high vault with sides meeting at a sharp angle, and with a tendency 
to a groove at the apex, requires that the denture be most carefully 


Fie. 80.—Cast of upper jaw with bony prominence. Outline shows area to be relieved. 


fitted into these areas, without relief along the median line, as there is 
usually considerable difficulty in preventing the entrance of air at the 
posterior termination of the groove, which would be fatal to the 
retention of the denture. | 

The area to be relieved in the upper jaw will lie principally along the 
median portion of the hard palate from the ruge well back nearly to 
the point where the hard palate ends and stopping short of the posterior 
border of the impression 5 to 7 mm. in any event. It will vary with the 
individual both in width and length, and a good method of determin- 
ing its limits is to test the roof of the mouth in this region with the 
rounded end of an instrument handle. By applying gentle pressure 
along the median line at short intervals, then on either side of the 
median line gradually working out toward the ridges, noting the 
extent to which the instrument sinks into the tissues each time, a 
somewhat irregular area where the hard tissues merge into the softer 
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parts usually roughly oval, will be defined. By sketching this on 
the impression with a pencil, a convenient guide is afforded of the limits 
to which the scraping should be carried (Fig. 81). The relief should be 


Fig. 81.—A compound impression with central palatine area relieved. (Prothero.) 


greatest along the central portion of the area, from 4 to 14 mm., at 
the most, and gradually decreasing to the limits outlined, where it 
merges with the surrounding surface of the impression. 

In the lower jaw the procedure is much simpler. The thin bony 
ridge, or the thin mass of movable tissue on the summit of a broader 


t 


Fig. 82.—Scraping the lower impression to relieve a thin ridge crest. (Prothero.) 


ridge, both of which necessitate provision for relief, leave well-defined 
imprints in the impression, which need merely to be deepened somewhat 
with a suitable round-edged instrument (Fig. 82). 
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It has been found also, in the upper jaw, that where the tissues are 
thin and tense over the posterior palatine foramina, the pressure of 
the denture may cause interference with the blood circulation in the 
vessels which have their exit through those openings, or set up pain 
reflexes by compression of the nerves, which also issue at these points. 
When such a condition is revealed by testing with the round-ended 
instrument, it is desirable to create small relief areas by scraping the 
impression at the locations corresponding to the foramina. 

Separating and Staining Media. Compound impressions will separate 
readily from the casts without any treatment or preparation of their 
surfaces. A coating of light paraffin oil, applied with a brush or cotton 
swab, and the surplus thoroughly wiped away, will make separation 
easier and help to prevent sticking if the compound be overheated 
inadvertently when removing it. Plaster impressions and compound 
impressions finished with plaster all require treatment of their surfaces 
with some separating medium to prevent the cast material from com- 
bining superficially with that of the impression. For this purpose, 
two classes of substances are commonly used: (1) Varnishes con- 
taining a vegetable gum, which form a surface coating; (2) oils, or 
soap lather, either of which saturate the surface and render it repellent 
to the cast plaster. 

Soap lather and oil are both rapidly absorbed by the plaster impres- 
sion so that their effect is soon greatly reduced, if not lost entirely. 
The varnishing of the impression is more satisfactory In every way, 
though requiring more time and care. 

The varnishes in general use for this purpose are alcohol solutions 
of the vegetable gums shellac and sandarac, usually used separately, 
but sometimes combined in one solution. The consistency of the solu- 
tion is of great importance. If too thin, the solution 1s absorbed by 
the plaster to such an extent that several coats are necessary before 
any surface glaze is evident. If too thick, it is not only difficult to 
apply, but also piles up on the surface without penetrating the plaster, 
and may obliterate some important details which should be reproduced 
on the cast. An aqueous solution of sodium silicate, known as water 
glass or liquid silex, is also sometimes used as a separating medium, 
but is likely to form feathery crystals on the surface and to flake off, 
which renders its use unsatisfactory. 

Stock solutions of sandarac and shellac are easily made by tying a 
quantity of the common commercial drops or flakes, in which form it 
is obtainable from the dealer in chemical supplies, in a piece of gauze 
and suspending it in a wide-mouthed bottle, tightly corked, so that it 
will be immersed in a mixture of alcohol and ether. Occasional 
shaking will aid solution, which may require several days for comple- 
tion, and the product will be a clean varnish free from dirt and all 
insoluble foreign material, which is retained in the gauze bag. Ether, 
which is not included in the commercial sandarac and shellac varnishes, 
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is a good solvent of these gums and causes the varnish to dry more 
rapidly when applied to the impression. 

Another separating medium of much merit is made by dissolving 
brown gum shellac in a hot aqueous solution of borax. _ This is especially 
useful for separating the two halves of a vulcanite flask, and for partial 
plaster impressions. 

Formule for Varnishes.—Sandarac or Shellac Varnish. Stock Solu- 
tion.— 


BneeemCReG es eh he lo ee a Cee ee eee 2 Darts 
Ethylether. ... SE? Sere Rol? AMC Ord COR eRe IN ne hare) Oh os 
Gum shellac, or gum earidlarat : Poet pant 


Enclose the gum in gauze bag, suspend in the solvents in Ride outed bottle. Change 
consistency as desired by adding more gum or more solvent. Keep tightly corked, in 
cool place. 


Borax-shellac Separating Fluid. 


ere RGR sh EE AT eee gt ee POU GO, 
HESGNEES Le tg ie ae ing fra en Cou) FR er Nes ope Rene inl Wsrag ag 
Shellac chips. OF: 


Dissolve the borax in the Rater: Gene ie: a Boi ‘add the Bhellac slowly, stir until dis- 
solved. Permit solution to settle for several dave, then siphon into bottle and keep 
tightly corked. 


In all plaster impressions of partial cases or those including the 
entire arch of teeth, and which must be removed from the cast by 
eutting and chipping, some means should be provided for indicating 
nearness of approach to the cast so that it will not be mutilated by cut- 
ting too deeply. This is accomplished either by treating the surface 
of the impression previous to the application of the separating medium 
with a staining fluid which will penetrate to some depth, or by incor- 
porating a coloring material with the separating varnish, which should, 
in this case, first be applied as a very thin solution, followed by other 
applications of the same material of thicker consistency. ‘The aqueous 
solution of shellac referred to above serves this purpose very well, 
having a reddish-brown color; the brown shellac varnish also is quite 
suitable, and suitable color may be imparted to the sandarac varnish 
by the addition of a few drops of aniline dye, such as the stains used in 
histological and pathological work. 

Very good results are obtained by first brushing red ink over the 
impression, which penetrates deeply and produces a strong color, 
then following with several coats of sandarac of a medium consistency. 
It is common practice to use one or more applications of thin shellac 
varnish as a staining fluid, which to a certain extent acts also as a 
filler without making a surface coating or glaze, and to follow this with 
sandarac of heavier consistency, which imparts the desired glaze with 
the minimum amount of surface coating. 

The varnishes may be applied to the impression with small cotton 
swabs, but brushes are more convenient, and permit a more even dis- 
tribution on the surface: Two sizes are needed, a small one about 
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2 mm. in diameter, for carrying the varnish into deep imprints of the 
teeth, and a larger one about 5 mm. in diameter for the broader sur- 
faces (Fig. 83). They should not be used for any other purpose, and 
it is essential that the brushes and the varnish solutions be given a 
certain degree of care to prevent evaporation of the liquid and to insure 
that the brushes will always be ready for use. 

The best plan is to provide a separate bottle with a ground glass 
cover for each solution in which to keep a small supply ready for 
use. Such bottles may be obtained of the dental supply dealer in vari- 
ous sizes. The size holding about 50 cc. is suitable for the working 


Fia. 83.—Varnish brushes with wire hooks Fig. 84.—Varnish bottle with brushes 
for hanging in bottle. hanging on wire support. 


supply to be kept on the bench, and it is convenient to keep. the 
brushes provided. for each solution in the bottle when not in use, 
suspended in the solution but.not resting on the bottom, which would 
bend the brush out of shape permanently and make it practically 
useless. By.smearing the outside of the ground joint surface on the 
bottle with vaseline, sticking of the cover will be prevented should the 
varnish accidentally get in the joint and the volatile solvent will be 
better protected against evaporation (Fig. 84). 

Boxing the Impressions.— Whenever hard plaster or a plaster com- 
pound of the slow setting type, which may require several hours to 
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attain its complete set, is to be used for the cast, it is highly desirable 
if not essential, to provide a matrix or wall surrounding the impression 
to facilitate the filling in and packing of the cast material, as well as 
to retain it while setting and to give proper form to the cast. 

This procedure is usually termed “boxing” the impression, and 
should be carried out with all edentulous impressions or extensive 
partial impressions if slow-setting plaster is to be used. With ordinary 
plaster it will be found a great convenience, but is not so essential. 

The material for forming the matrix may be wax in sheet form, or 
what is better, some strips of thin sheet lead or tin should be provided 
and kept for this purpose, as they may be used repeatedly, and easily 
cleaned of plaster and straightened out each time for future use. The 
strip either of wax or metal must be long enough to entirely surround 
the impression, with an overlap, and wide enough to make a wall stand- 
ing above all parts of the impression, so that the cast when formed 
level with the top of the box, will not be less than about 8 mm. thick 
in the vault portion of the upper, and at least twice that thickness in 
all the ridge parts of the lower. 

To apply the wax matrix: First warm some of the soft black 
carding wax on which artificial teeth are sold and form it into a roll 
about 4 mm. in diameter. Carefully attach this roll to the outer 
edge of the impression by pressing it to place and slightly melting the 
edges of the roll with a hot spatula if necessary, so that it will follow 
the curve of the periphery about 3 or 4 mm. below the crest. 

On the upper, carry it across the posterior border in the same 
manner so that the entire rounded edge is left exposed. On the lower, 
the lingual space should be filled in‘or floored with a piece of sheet 
wax cut to fit, and attached by melting the edges.on the under side 
with a spatula, so that the entire length: of the, lingual edge of the 
impression is left exposed the same as the outer. edge, about 3 or 4 
mm. Now form the matrix strip around the impression by bending 
and pressing to place with the fingers, and lap the ends. Secure the 
lap joint with sticky wax, and also attach the matrix similarly to the 
wax roll and to the impression at suitable points along the line of junc- 
tion on the under side of the impression, and fill in any spaces where 
plaster might run through. A mold or box is thus formed with con- 
tinuous walls held away from the impression a short distance and leay- 
ing all edges free for reproduction on the cast, and which may be con- 
veniently handled and jarred on the table if necessary in settling the 
cast material to place. It has been suggested for greater security 
that the under side of the box be filled in with quick-setting plaster 
before filling the impression, but this is not necessary if reasonable care 
is used in handling the mold, the wax box itself being fairly rigid. 

With a tin or lead matrix strip, a somewhat different method should 
be followed, which also insures greater safety of the impressions in 
handling and in packing with the casting material. Make a thick 
mix with quick-setting plaster, and heap a mass of it on a piece of 
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paper or on a glass slab. Sink the impression, previously given at 
least one coat of sandarac varnish, into this mass, tray side down, and 
shape the plaster up around the sides of the impression, but not 
approaching its periphery, and with special care to prevent plaster 
from encroaching on the posterior borders of either an upper or lower 
impression. As soon as the plaster sets enough to permit cutting it, 
trim it to form a flat base, with vertical sides extending not more than 
3 mm. beyond the outer sides of the impression, and with a straight 
line, not concave, across the entire posterior aspect. 


Fia. 85.—Upper and lower impressions, posterior view. One-half of each impression 
has plastine (A. A.) built up to the peripheral border. The other half shows the relations 
of the plaster base and the impression. 


Next with a small roll of plastine or plasticine,' fill in and build up 
the sides of the base to within about 3 mm. of the crest of the periphery 
all around the impression including the posterior borders. Trim the 


Fria. 86.—An upper impression with the plastine border and the matrix of sheet tin 
held in place with a rubber band. The posterior part of the matrix is cut away to 
afford a clear view. 

% 

1 A modeling clay used by sculptors prepared with an oil medium. Moldine used in 
the dental laboratory is not suitable for this purpose. The hygroscopic property of the ~ 
glycerin medium with which it is mixed causes it to abstract the water of crystallization 
from the cast material wherever it comes into contact with the cast, and leaves the edges 
of the cast soft and chalky. 
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upper edge of the plastine flat and make its sides flush with the edges 
of the plaster base (Fig. 85). Now wrap the matrix strip (40 x 400 mm. 
13 x 16 inches) around the plaster base, beginning at the middle of the 
posterior surface and secure it with a rubber band or a piece of string 
(Fig. 86). Apply one or more coats of varnish over the entire surface 
of the impression and the plastine, and when this has dried, proceed 
with pouring or, more properly speaking, the packing of the cast. 

Cast Materials.—For all record casts of orthodontia cases, study 
“models,” and casts which are to be used as patterns for sand molding 
in making dies, and for many small impressions in crown and bridge- 
work, the ordinary plaster sold by the dealers as flasking plaster, serves 
the purpose very well. It has also long been the standard material 
for casts upon which to vulcanize partial and full dentures, but recog- 
nition of its objectionable quality of expansion, and the need for a 
‘material of greater resistance to crushing strain in the vulcanizer, 
have led to investigation and experiment with other substances and 
with modifications and combinations of plaster, which have recently 
displaced flasking plaster to a great extent for this purpose. 

The use of a slow setting coarse building plaster has also been 
advocated for this purpose, and for embedding the cast in the flask 
when vulcanizing, apparently following out the idea which has been 
more or less prevalent among the profession, that all slow setting, 
coarse plasters are superior in hardness, without taking into account 
the factor of expansion, but it is doubtful if such a plaster possesses 
any marked advantage in resistance over a good grade of dental flask- 
ing plaster when exposed to heat, moisture and pressure in the vul- 
canizer. 

Two types of plaster compounds or modifications have been devel- 
oped for casts and have attained quite general use for this purpose. 
One is a combination of plaster with Portland cement, together with 
a certain amount of sand for a binder, and a retarder to control the 
setting of the plaster. Spence’s plaster compound, according to analy- 
sis, is of this type, and has been shown by various tests to have a 
high crushing resistance, both in the dry state and in the vulcanizer, 
and a low expansion index.! The presence of the sand makes it some- 
what difficult to cut and trim the casts, and this together with its 
very slow setting makes it objectionable to some prosthetists. 

The other modification consists of an ‘“overburned’’ plaster, as it is 
known in the trade, with an accelerator added to hasten setting, and 
in some cases other substances to modify the color or facilitate mixing. 
Weinstein’s and others, so-called “artificial stone’ according to 
analysis, are of this type. Tests made of these plasters also show a 
low expansion and a crushing resistance relatively high though some- 
what inferior to that of the material with the sand as a bonding agent.? 


1 Research conducted at the University of California; reported in part by E. H. 
Mathis (A Study of the Behavior of Plaster of Paris, Jour. Natl. Dental Assn., 1919, pp. 
432, 445). 

2 Tbid. 
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Their comparative ease of working, moderate setting time, freedom 
from grit, their hardness and fineness of texture make them the 
choice of many prosthetists for casts for general purposes including 
those for vuleanite work. ‘Tests made under actual vulcanizing con- 
ditions of heat, moisture and pressure show that this type of plaster 
has ample crushing resistance if excessive pressure in the flask press is 
avoided and vulcanizing be carried on carefully at moderate temper- 
ature.} 

Another material of different nature from the above, considerably 
used in building work, and known as Sorel cement or Sorel stone, has 
also been utilized for casts for dental work. As the name indicates, it 
is a dense stone-like substance when fully set, so hard that it cannot 
be cut with a knife, and can be trimmed only with difficulty by means 
of a coarse file or carborundum stone. 

Chemically it is known as magnesium oxychloride, and is a crystal- 
lization product of the mixture of magnesium oxide with a saturated 
aqueous solution of magnesium chloride, that used for dental work 
usually having a quantity of quartz sand added as a bonding material 
and to give the mass consistency and stiffness when mixed. 

It is said to have practically no expansion compared with plaster 
and to withstand a crushing strain of approximately 5000 pounds in 
a cube of 1-inch section (Prothero). 

Its use for vulcanizing casts is highly advocated by some workers, 
and its great value for this and other dental purposes is unquestioned. 
The comparative complication of its preparation and chemistry, the 
difficulties involved in its working, and in finally removing it from 
dentures where any undercuts are present have prevented its use in 
dentistry to any great extent. 

Pouring the Cast.—Pouring the cast, as the filling of the impression . 
is commonly termed, is a misleading expression, since no plaster for 
a cast should be mixed so thin as to permit its being poured from the 
bowl or to find its place in the impression without jarring or packing 
by some other means, for in that case the resulting cast would be so 
friable and weak as to be of little use. 

The best consistency of a plaster mix for a cast can only be deter- 
mined by experience with the setting rate of the plaster being used and 
with the purpose for which the cast is intended. A working basis 
for the ordinary plaster-water ratio is 2 parts of plaster to 1 of water, 
by bulk, subject to modification as indicated. 

The water should be placed in the bowl first, the plaster added by 
sifting or by sprinkling from the spatula or a spoon, and the mix 
stirred only enough to combine the two without leaving any plaster 
unsaturated. Excessive stirring, or an excess amount of plaster 
interferes with the proper formation of the crystalline structure formed 
in setting, causing reduced strength or excessive expansion. 

1 Research conducted at the University of California; reported in part by E. H. 


Mathis (A Study of the Behavior of Plaster of Paris, Jour. Natl. Dental Assn., 1919, 
pp. 432, 445). 
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For the plaster compound and the “artificial stone’? products spe- 
cific directions are furnished by the manufacturers, which should be 
explicitly followed to secure the best results. 

Before filling a plaster impression with plaster compound or arti- 
ficial stone, it should be thoroughly saturated with water, otherwise 
it will be likely to abstract some of the water of the cast material which 
is needed for crystallization, to the consequent detriment of the cast 
surface. ‘This is most likely to occur with partial impressions at points 
where the varnish coating may not be thick enough to be waterproof. 
The same precaution should be taken when making an ordinary plaster 
east, as the presence of a small amount of moisture on the surface of 
the impression helps to flow the plaster into small depressions without 
forming bubbles. 

To make an ordinary plaster cast, a most convenient and practical 
method is as follows: Saturate the impression as just mentioned and 
throw out all surplus water from its interior. Have at hand a glass 
slab and a small stiff bristle brush. As soon as the plaster is mixed, 
carry a small amount to the impression with the brush and paint it on 
the surface, aided by the small amount of water left there, or if neces- 
sary dip the brush in water to make a mixture which will flow. Work 
ito the deep parts first, such as the imprints of teeth, and immediately 
follow up with successive small additions of the plaster, jarring the 
impression frequently, so that the stiffer additions of the normal mix 
from the bowl displace the thin coating painted on at first, without 
the formation of bubbles. As the plaster begins to show signs of 
stiffening, fill in with the spatula and build up to sorhewhat more 
than the desired thickness for the cast. As the initial set begins, invert 
the cast on the glass slab, and smooth up its sides with the spatula, 
_ trimming away any surplus parts as soon as the plaster is hard enough 
to permit doing so without smearing, then allow it to remain undis- 
turbed and set thoroughly. | 

Although the artificial stone products require to be mixed to a much 
stiffer consistency than ordinary plaster, it has been found that they 
may be successfully filled into impressions in the same manner, by 
adding very small portions at a time and with continuous jarring, until 
the desired thickness is secured or the matrix filled up. 

A very effective method of producing the jarring action is by means 
of vibration obtained from an eccentric wheel on the polishing lathe. 

A “bump” wheel for this purpose is easily made by cutting off part 
of the wooden hub of a discarded polishing brush, thus producing a flat 
surface. Put this on the polishing lathe mandrel, run the motor at a 
low speed, and hold the boxed impression on a flat object, such as a 
piece of board, a tin can cover, or a glass slab, which in turn is held in 
contact with the revolving flat-sided wheel while placing small portions 
of the plaster mix in the impression. ‘This causes the cast material to 
flow into place rapidly and smoothly, eliminating air bubbles, and 
produces dense hard casts with a smooth surface. 
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Spence plaster compound must be worked at almost putty-like 
consistency to obtain the best results, so that it is necessary to actually 
pack it into the impression in small pieces, tapping each one into place 
with a blunt instrument and jarring frequently and vigorously to 
consolidate the mass. It should be left to set undisturbed for several 
hours, overnight if possible, and it is desirable to allow a similar 
length of time for the artificial stone mixtures to attain their full set 
for best results, though some of them may be safely handled and 
trimmed at the end of an hour, and separated from the impression at 
the end of three hours. 

Removing the Impression from the Cast.—To remove a modeling com- 
pound impression it is best to remove the matrix and tray first by dry 
heat, then soften the impression by immersion in hot water, being 
careful not to overheat it and make it sticky. 

It is then stripped back from the cast beginning at the edges and 
folding the mass back upon itself, keeping it soft meanwhile by suc- 
cessive immersions in the hot water. Partial impressions with isolated 
teeth must be handled carefully, and the compound kept quite soft 
to avoid bringing the teeth away with the mass, which is quite likely 
to happen if it becomes necessary to use much pressure to bend the 
edges back. 

Edentulous plaster impressions and edentulous compound impres- 
sions finished with plaster, when no undercuts are present, may often 
be removed from the cast by rapping sharply on the impression with 
the handle of a hammer or by using a light horn hammer in the same 
-way. If the varnishing has been thoroughly done, and the cast is set 
hard, it willusually drop out, leaving the impression intact. ‘To remove 
a plaster-finished compound impression with undercuts, either eden- 
tulous or partial, requires no different treatment from that described 
above for softening the material and stripping back the edges. 

All edentulous plaster impressions with undercuts, and partial plaster 
impressions require a different procedure for separation. For the 
edentulous upper or lower cases this is not complicated, but it 1s 
necessary first to cut down horizontally all that portion overlying the 
ridge or make a deep groove along the ridge portion, until close 
approach to the cast is indicated by the appearance of spots, or a 
continuous line of the color imparted by the staining fluid (Fig. 87). 
This will leave all the buccal and labial section joined to the lingual 
only by a thin line of plaster along the ridge, which may be fractured 
with slight force. If now a few vertical cuts are made along the buccal 
and labial sides, joining with that on the ridge, the point of the knife 
may be inserted at the edge of the impression to pry off each section 
separately, usually with little or no trouble. The lingual section of 
the lower is treated in the same way, and the palatal section of the 
upper may usually be pried off in one piece by inserting the knife at 
the posterior border. If the vault is known to be deep, it is best to 
make a cut along the median line from the posterior border to the ridge 
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and remove this part in two sections. It is always necessary to use 
care in making the cuts by proceeding slowly and cutting a little at a 
time, keeping the cut clear of chips and watching for the appearance 
of the color of the stain, otherwise the case is likely to be mutilated. 
Soaking the impression in water will make it easier to cut and to frac- 
ture the sections from the adjoining parts. 


Fic. 87.—Edentulous upper impression and cast. Plaster impression cut down in deep 
groove to shellac stain. 


Partial impressions including both the labial and lingual aspects of 
remaining teeth are much more difficult to separate, but the procedure 
is the same in principle, only varying slightly in detail. When cutting 
down over the line of teeth, isolated spots of color will appear first, 


wy 
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Fic. 88.—Partial plaster impression partly grooved for removal. (Prothero.) 


with spaces intervening where teeth are missing. After all the spots 

indicating the teeth are clearly defined the cutting 1s continued in the 

spaces until the ridge is approached, as shown by a continuous line of 

color in each space. Next, longitudinal grooves are made, one buccally 
10 


146 CASTS AND MODELS 


and one lingually at a height estimated as nearly as possible to reach 
the necks of the teeth at the gingival border (Fig. 88), and finally the 
vertical cuts both in the outer section and in the lingual part, after 
which the knife is used to dislodge the numerous small sections thus 
made. The lines along which the impression was fractured in removing 
from the mouth will be plainly seen and may be followed to some extent 
in removing the sections. . 

Trimming and Shaping the Cast.—The cast usually requires some 
trimming of its base after removal from the impression, and the base 
should be shaped in accordance with the purpose for which the cast 
is to be used. ‘Those which are intended as models for dies should be 
given a flaring base to facilitate removal from the sand mold with a 
uniform smooth surface, as the model is to be varnished over all sur- 
faces except the bottom. Models for vulcanite work should have the 
bases shaped with vertical or slightly converging sides, and their bases 
should be considerably thicker than those used for sand molding. 
Orthodontic record casts usually have their bases trimmed with verti- 
cal sides converging to a point at the median line for the uppers and 
following a regular uniform curve for the lowers. 


Fig. 89.—Knife with short heavy blade, suitable for plaster work. 


Ordinary cast plaster is readily trimmed with a knife having a 
heavy blade and a straight edge (Fig. 89), together with a small plane 
where smooth surfaces are desired. The hard cast materials can be 
trimmed with a knife only with considerable difficulty. For this 
purpose there should be provided a large coarse flat rasp, and a chisel 
with a short wide blade used by carpenters and known as a “butt” 
chisel. The chisel is used to pare off surplus parts of the edge or 
reduce the thickness of the base while the cast is held securely on a 
board against a padded cleat to keep it from slipping or having the 
face mutilated, and the rasp is useful to smooth the edges after they , 
are pared down by the chisel. 

It is often desirable to provide relief on the cast when for any reason 
this has not been done by scraping the impression. The area where 
relief is needed should be outlined in the same way on the cast, as 
described for the impression after determining its boundaries by 
examining and testing in the mouth with a ball-end instrument. A 
simple and successful method is to burnish successive layers of tin-foil 
to the cast until the desired thickness is attained. | 

No. 60 tin-foil, which is approximately 0.005 inch in thickness is 
ordinarily used for this purpose. . The first layer should cover only the 
central part of the area, each successive one including a larger surface, 
until the boundaries are reached, 
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Fach layer is fastened down by sandarac or liquid silex as it is placed, 
so that all edges are covered except that of the last piece. In this way 
the thickness is graduated from the center outward, and three layers 
are usually sufficient. 


Fic. 90.—Illustrating the manner in which plaster impressions tend to distort when 
confined by the tray. (Prothero.) 


Owing to the expansion of plaster, when the error is doubled if both 
a plaster impression and plaster cast are used (Figs. 90 and 91), it is 
good practice to scrape around the periphery of the cast, especially 
the upper, to compensate for the expansion and to make the adapta- 
tion of the denture somewhat more snug along this portion. 


Fig. 91.—Tendency of plaster cast to distort by expansion if confined laterally. Two 
errors, shown at aandb. If not confined laterally expansion will increase peripheral 
dimensions. (Prothero.) ; 


The scraping should be very light, not to exceed } mm. in depth, 
and should be done with a round-edged vulcanite scraper which has 
been ground narrow, so that the blade will not exceed 4 mm. in width 
at the end. The object is to produce a shallow rounded groove on the 
cast, not at the crest of the periphery as it will be formed on the plate, 
but somewhat below the crest, or internal to it, where the slight addi- 
tional pressure on the tissues is usually borne without discomfort. 

Casts for record purposes are usually rubbed with talcum after 
trimming and smoothing with very fine sandpaper. In some cases 
when it is desirable to have a distinction between the teeth and other 
tissues shown by colors applied on the surface, the cast should first 
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have its surface filled with one or more coats of thin liquid glue, or 
thin colorless sandarac varnish, which makes a suitable surface for 
the application of oil or water colors. 

A similar ‘sizing’ of the surface should always be given to a east 
intended for sand molding, followed by shellac or sandarac varnish 
of medium consistency which will build up a thin coating, practically 
waterproof, with a high gloss to prevent the sand from sticking. 

For vulcanite work, if it is desired to prevent the sticking of wax used 
in forming a base-plate pattern, or in setting up the teeth, a light coat- 
ing of liquid silex may be applied while the cast is in a “green” condi- 
tion, that is, before the surplus moisture has dried out of it, or if it has 
been standing for some time, it should be soaked and the surface mois- 
ture wiped off before applying the silex. 

No other preparation of the cast is required at this time and the 
succeeding steps of the denture construction may be immediately 
begun upon it. 


CHAPTER V. 


SECURING ADDITIONAL RECORDS REQUIRED IN THE 
CONSTRUCTION OF ARTIFICIAL DENTURES. 
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In addition to the casts which represent the jaws of the patient, 
other data are, of course, necessary for the design and construction 
of artificial dentures. These casts must be placed and maintained in 
the same relative position to each other during the subsequent stages 
of arranging the artificial teeth in occlusion as the jaws they represent 
are to occupy when the finished dentures have been inserted and are 
brought into occlusion. We have seen in Chapter I that when the 
natural teeth are in the mouth the so-called “position of occlusion” 
is characterized by a certain definite fitting together of the occlusal sur- 
faces of the teeth. When the natural teeth have been lost, the position 
of occlusion no longer exists, and it is necessary to determine for the 
mandible, by considerations presently to be discussed, a position in 
relation with the maxille which will answer the requirements of an 
occlusal position for the artificial dentures. The operation of securing 
a record of this relationship in accordance with which the casts may be 
mounted upon an articulator, an instrument designed to maintain 
them in it, has commonly been called “taking the bite.”’ 

Besides the securing of a record of this relationship, it is necessary to 
obtain also an estimate of the fulness which the artificial dentures must 
possess to restore the external contour of the lips and cheeks, and to 
record both the location of the median line of the mouth and the amount 
of the dentures which will be displayed during the ordinary movements 
of the lips in laughter and speech. 

But it is not enough that the artificial teeth shall occlude properly ; 
they must also be arranged to be capable of functionating to the best 
advantage during the various mandibular movements in which the food 
is masticated. This necessitates during their arrangement the use of 
a so-called “anatomical articulator,” an instrument which is capable 
of reproducing the movements of the mandible of the person for whom 
the dentures are being constructed. The instrument must be adjusted 
so that its joint mechanism reproduces the temporo-mandibular joint 
of the case in hand, and hence the movements of the mandible. A 
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record of the path of the mandibular condyles during these movements 
or its equivalent is therefore necessary. In order that the casts may 
be mounted upon such an articulator in the same relationship to its 
joint mechanism as the jaws they represent bear to the temporo- 
mandibular joint, a record of this relationship must also be obtained. 

As a matter of convenience, it is usually customary at this time to 
select the shade of artificial teeth suitable for the patient under con- 
sideration in accordance with principles to be outlined 1 in a succeeding 
chapter. 

To recapitulate, the data which are to be obtained are: 

1. Relationship of the jaws in the position of occlusion. 

2. Plane of occlusion or of orientation. 

3. Fulness of plates necessary to restore external contours. 

4. Median line of mouth. 

5. Amount of dentures displayed in movements of lips. (High lip 
line.) 

6. Relationship of the jaws to the temporo-mandibular joint. 

7. Movements of the mandible or their equivalents. 

8. Shade of artificial teeth: 


SECURING THE RELATIONSHIP OF THE JAWS IN THE POSITION 
OF OCCLUSION. 


If it were required to make an artificial denture for an edentulous 
case immediately after the teeth were lost, and it it were possible to 
obtain a record of what the occlusal relationship of the jaws was before 
the loss of the teeth, this would probably serve in many cases for the 
setting up of the artificial teeth, and the dentures would then establish 
the mandible in a correct occlusal position. When no data are obtain- 
able which will enable the dentist to tell what this was, and when the 
changes in the tissues following the loss of the teeth have altered the 
requirement of an occlusal relationship of the jaws for artificial den- 
tures, an occlusal position for the mandible must be determined by the 
considerations now to be discussed. 

When the teeth have been lost, the position of the mandible is 
determined by the balance established between the muscles which 
actuate it within. the restriction offered by the temporo-mandibular 
joint. One characteristic, however, of the occlusal position when the 
natural teeth remain is that the condyles occupy the most distal posi- 
tion in the glenoid fossee which they can assume. ‘This distal position 
of the condyles is one of the requirements for the occlusal position of 
the mandible for an edentulous case. It is only in such a position 
that the muscles can be free from strain and the jaw be in a state of 
equilibrium. This position of the condyles is the ultimate one reached 
by them from the various movements incident to mastication, and the 
artificial teeth must be arranged so that when. the condyles reach this 
point the teeth will fit together in proper occlusal relationship. 
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With the condyles of the edentulous mandible in their most distal 
position in the glenoid fossze, only the movement of its anterior end as 
it is raised or lowered by the muscles has to be reckoned with. This 
simply means that it has to be established a certain distance from the 
upper jaw, and this distance is determined wholly by considerations 
relating to the appearance of the tissues of the face. This latter is the 
only available guide by which the position of the mandible can be 
fixed, and it must be such that harmonious contours and proportions 
_of the face are established. Were it possible to keep the condyles in 
the back part of their fosse at all times during the determination of the 
position of its anterior end, it would be simple enough to secure a satis- 
factory occlusal position for the mandible. It would then be only 
necessary to hold the jaws apart the amount dictated by a correct 
judgment of the case in hand when the occlusal position would have 
_ been found. But as will be seen later, it is very difficult to get and to 
keep the condyles back in their fossee during such manipulations, so it 
is necessary to solve the problem by a different method. This consists 
in providing a means of maintaining the jaws a certain distance apart 
(already ascertained as proper for the case in hand) and then to induce 
the condyles to slide back to their most distal position. This is the 
rationale of all proper bite-taking methods. 

In securing this relation it is necessary to make use of plates which fit 
the jaws, and, by affording mutual bearing surfaces, provide a means of 
keeping them a definite distance apart. If these plates are fixed 
together while the jaws are in the occlusal position, they thus make a 
record of it, so that the casts may be mounted in the articulator in 
accordance therewith. They serve also as a means of recording the 
other data mentioned above, and as a guide in mounting the teeth. 
They are called “bite-plates.” | 


BITE—PLATES. 


Although the bite-plate performs but an intermediate service and is 
merely a means to an end, it does not follow that the details of its 
construction, formation and use are unimportant. As it constitutes 
a rough model of the future denture, and represents in the detail of its 
form the specifications of the same, it is highly essential that the 
greatest care should be exercised in its construction and the greatest 
accuracy should be observed in registering upon it the various records 
obtained through its use. 

It is absolutely necessary that the bite-plates be firmly retained in 
place upon the jaws while they are being used, as otherwise it is not 
possible to secure accurate results in obtaining the several registra- 
tions of jaw relationships. While it is advantageous from the stand- 
point of convenience to employ a material which may be molded into 
requisite form over the cast without injury to it, neither this nor any 
other consideration should prevail when the retention of the bite-plate 
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would be adversely affected. Furthermore, since its original form is 
wholly tentative and must be adjusted to meet the indications of the 
case, the material used must allow these changes to be readily made and 
at the same time be strong and hard enough to meet the other require- 
ments. 

Bite-plates may be said to consist of two portions, the base-plate, 
fitting the surface to be covered by the plate, and an occlusal portion, 
or “bite-rim,”’ as it is frequently called. They may be constructed 
throughout of the same material, or the two portions may be of different 
substances. In view of the fact that it is the base-plate which largely 
determines the retention of the device, and that it is the occlusal por- 
tion which may require modification when tried in the mouth, it is 
obvious that materials possessing qualities suitable to the needs of each 
portion may be used in combination. 

When the future denture is to be mounted upon a metallic base-plate 
such as a swaged or cast metal base, this base-plate should be con- 
structed first and used for the bite-plate with the addition of a suitable 
occlusal portion. A thin vulcanite base-plate makes an admirable base. 
The teeth may later be added to this in a second vulcanization, or if 
this is objectionable on account of the two vulcanizations required, 
the great value of the base-plate for bite-plate purposes justifies the 
additional labor involved in its construction for temporary use only. 
Bases of soft metal which may be easily swaged have many advantages. 
They may be of vacuum-chamber metal, of Ash’s base metal, of lead 
or tin, and may be shaped to an artificial stone cast in a shot swaging 
device with little effort. ; 

Various heat-softened materials possessing considerable rigidity and 
usually containing gum shellac are also available for base-plates. Ideal 
base-plate, perfection base-plate and true base may be recommended in 
this connection. They are readily molded over the cast to an accurate 
fit, but are slightly brittle and must be handled with care. Modeling 
compound in sheets of suitable thickness may also be used. 

When the impression has been taken in modeling compound, it is 
the practice of many to use this as the base of the bite-plate. The 
retentive quality of a carefully made impression is probably better 
than any bite-plate made over a cast, and its advantage in this con- 
nection is apparent. 

The bite-rim or occlusal portion should be made of a heat-softened 
material whose form may be easily altered and yet which possesses 
sufficient rigidity not to yield under pressure in the mouth. Bees- 
wax is entirely too soft and plastic. Modeling compound or a combina- 
tion of wax and hard paraffin seem to possess the desired qualities more, 
than other materials, but neither isideal. Modeling compound has the 
required stiffness, but cannot be so easily molded or cut when adjusting 
the bite-plate in the mouth. It is less easy to remove when setting the 
artificial teeth in their proper positions. The wax and paraffin mixture 
is more easily molded but is not so rigid as compound. 
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METHOD OF MOLDING BITE-PLATES IN MODELING 
COMPOUND. 


For the Upper Jaw. —'l’o construct a bite-plate of modeling compound 
for the upper jaw, the cast should be placed upon its base on the work- 
bench with the distal portion toward the operator (Fig. 92). The 
plate outline should have been marked upon it, but any alteration of 
the face of the cast by additions of tin-foil for retention purposes, should 
be deferred until a subsequent time, because they would probably be 
disturbed in the forming of the bite-plate. The method of making the 
bite-plate in one piece proposed by Dr. W. W. Evans! is to be recom- 
mended. ‘Three-fourths of a cake of modeling compound is softened 


Fig, 92.—Steps in the formation of a bite-plate for a full upper case. 


in warm water, kneaded in the hands until homogeneous, and rolled 
into an ellipsoid about 2 inches long. One side of this should be thinned 
out by pressure between the fingers, and the mass so placed upon the 
cast that the thinned portion projects slightly beyond the posterior 
margin of the plate outline. By manipulation with the thumbs the 
remainder of the compound is gradually worked forward so that the 
vault of the cast is covered by it to the thickness of about 3%; inch. 
The thickness of this may be readily gauged, for the cast chills the 
‘material as it comes in contact with it, thus hardening it, while the 
overlying soft portion may be pushed forward. When the top of the 
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alveolar ridge has been reached, the compound should be carried over 
it and slightly beyond the plate outline, along the labial and buccal 
surfaces, the most of the mass, however, remaining upon the ridge 
and being shaped to represent the occlusal portion of the bite-plate. 
The probable relation of this part of the artificial denture to the alveolar 
ridge and the probable fulness of the buccal and labial portions should 
be borne in mind and the compound disposed accordingly, since the 
bite-plate when completed should be a rough model for the denture in 


Fig. 93.—Steps in the formation of a bite-plate for a full lower case. 


these particulars. It should be taken from the cast, chilled in cold 
water, and trimmed around its periphery to the plate outline. It 
ought then to be replaced upon the cast and its margin brought into 
close contact therewith, around the plate outline. This is to sure 
firm retention of the plate in the mouth, which may be further improved 
by scraping the palatal surface of the plate where it is in relation with 
the hard median ridge. The form of the bite-plate at this time is 
largely tentative, as it is purposed to-complete its modeling when the 
bite is taken, in accordance with the requirements which shall then be 
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indicated. During the process of forming the plate, to prevent adhe- 
sion, the hands should be wet and the compound occasionally taken 
off the cast to break up its adhesion while it is soft, and then replaced, 
but under no circumstances must the cast be wet, as this will injure it 
for subsequent use. Rubbing its surface with soapstone or talcum 
powder will effectually prevent the adhesion of the compound. 

The Lower Bite-plate.—The lower bite-plate is more easily made 
than the upper. With the cast face upon the work-bench, a piece of 
compound equal to about one-half of a sheet is softened and worked 
into a long uniform roll, bent to the shape of the alveolar process, and 
placed upon its summit (Fig. 93). With the thumbs and fingers it is 
worked down the lingual and labial sides to a point slightly beyond 
the plate outline, that portion over the ridge being shaped to represent 
this part of the future lower plate and made to correspond in outline 
to the arch of the upper bite-plate. It is removed and trimmed to 
the plate outline like the upper, its occlusal surface being left rough. 
If the lower plate must be very thin, it may be strengthened by imbed- 
ane in it a piece of iron or brass wire shaped to conform to the alveolar 
outline. 


CONSTRUCTING BITE-PLATES IN TWO PORTIONS. 


If a metallic base-plate, or one of vulcanite has already been pre- 
pared, after this has been tested in the mouth and proven to be cor- 
rect as to fit and adhesion, the addition of a bite-rim is then required 
to prepare it for service as a bite-plate. If a sheet of heat-softened 
material such as modeling compound or any of the more rigid materials 
is to be used, it should be gently heated and carefully adapted to the 
case, its margins trimmed to the plate outline and finally adjusted in 
the mouth and its retention assured. It then requires the addition of 
an occlusal portion. 

The bite-rim may be made wholly of modeling compound, hard 
wax and paraffin or of a combination of the two. Modeling compound 
has the advantage of firmness and hardness, and, as the bite-rim must 
be stiff enough at body temperature not to yield under pressure between 
the jaws but to maintain its form in subsequent manipulations, its 
use is particularly recommended. To form the bite-rim a roll of 
material about 4 inch in diameter and 4 inches long, very soft and 
plastic, is molded over the top of the alveolar ridge of the base-plate 
and fused to its surface. The base-plate should have been placed 
upon its cast upon the work-bench in a convenient position for the 
workman. The rim is molded to follow the general outline of the 
alveolar ridge as described in a previous paragaph. When a modeling 
compound impression is to be utilized for the bite-plate, the bite-rim 
must be adjusted with great care in order not to injure the impression, 
which should be kept cold to prevent change of form. Paraffin and 
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wax is often used in this case because it melts at a lower temperature 
than the modeling compound base. 

An occlusal bite-rim former, illustrated in Fig. 94, will be found 
useful in quickly molding the rim of either compound or wax and paraf- 
fin to suitable form. ‘This former, partly separated, is laid on a clean 
flat surface. The roll of material, properly softened, is pressed in the 
former and its two portions pressed together. When the material is 
sufficiently hardened, the excess is removed with a sharp knife. The 
resultant rim may then be bent to fit the alveolar ridge and affixed 
by fusing with a hot spatula. 

It is the practice of some to build out the buccal and labial contours 
of a modeling compound bite-rim with wax, which may be easily molded 
or carved to give the desired contours when the bite-plates are adjusted 
in the mouth. 


Fic. °4,—Bite-rim former. 


Technic of the Operation.—The securing of the relation between the 
jaws may be divided into two stages—the fitting and shaping of the 
bite-plates, and the use of them in securing the relation of the jaws in 
the position of occlusion. | 

The patient should be seated in an erect position in the dental chair. 
(Figs. 95, 96). The upper bite-plate is first tried in and the plate 
outline followed by it verified or corrected if necessary. It is essential 
to the success of the operation that the bite-plate should remain firmly 
in position and it should be trimmed where any movable tissues tend to 
displace it. It should then be observed whether the buccal and labial 
portions of the plate restore the contours of the lip and cheek tissues 
which they support, in accordance with principles to be given later, 
and the plate added to or trimmed as may be indicated. While the 
modeling in these regions cannot be completed at this stage, it is advis- 
able to have the form answer the requirements of contour as fully as 
may be possible. The inclination of the occlusal portion of the plate 
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to the ridge may be changed by reheating in water and bending after 
replacing it upon the cast, or additions may be made to the buccal and 
labial portions to bring out the proper contour of the lips and cheeks. 

A most important point of reference which will be utilized in the 
construction of the denture and which determines the length of the 
occlusal portion of the bite-plate is now noted. This is the lower mar- 
gin of the upper lip when in repose. This should be marked upon the 
labial surface, and the occlusal portion of the plate trimmed to within 
ie inch of this, so that the plate will project that amount below 
the lip (Fig. 97). After determining the length of the bite-rim in 
relation to the upper lip, this portion of its occlusal surface should be 
trimmed so that it is parallel to an imaginary line drawn through the 


Fig. 95.—Patient without teeth. Fig. 96.— Patient without teeth. 
Front view. Side view. 


pupils of the patient’s eyes. The occlusal plane guide illustrated in 
Fig. 98 will be found useful in this connection or a thin metal ruler about 
6 inches long may be used. . The anterior portion of the bite-plate 
should not be trimmed or added to in subsequent fitting together of the 
two plates, as the lower margin of this surface is to indicate the position 
of the incisive edges of the anterior teeth of the artificial denture. 

The distal portions of the bite-rim should now be trimmed on each side 
so that they are parallel to an imaginary line drawn from the bottom 
of the ala of the nose to the external auditory meatus. In this pro- 
cedure, the anterior portion previously completed should not be touched, 
but the trimming should be from this point toward the rear (Fig. 99). 


1 Dr. A. D. Gritman. 


Fic. 97.—Patient with upper bite-plate Fia. 98.—Occlusal plane guide, showing 
in position. parallelism with patient’s pupils. 


Fic. 99,—Patient with line on face. Side view. 
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The base lines may be drawn upon each side of the patient’s face for 
guidance, and the occlusal plane guide or ruler should be employed as 
an indicator to insure that both sides of the rim have been correctly 
adjusted. 

__ The object of these procedures is to establish at this time the tenta- 
tive plane of occlusion of the future denture, or as it is has also been 
called, “its plane of orientation.”! An examination of Fig. 100, 
which portrays a face in profile with a superposed photograph of a 
denture, will show that the general plane of occlusion of the natural 
teeth is parallel to a platie passed through the anterior nasal spine and 
the external openings of the two ears. As this is the commonly 
observed relationship of natural teeth, it furnishes a guide to follow in 
the placing of artificial dentures. 


Fic. 100.—Orientation of denture. 


It is also to be noted that in the natural dentures the most frequently 
occurring relation of the upper anterior teeth to the upper lip is that 
in which the incisal edges of these teeth project about 7g inch 
below its border when in repose. Incidentally it may be remarked 
that this relationship is the one of most pleasing appearance. ‘The 
anterior portion of the bite-rim having been adjusted with the purpose 
of recording the positions at which the corresponding artificial teeth 
are to be set, it then remains only to trim the distal portions of the rim 
so that the plane of its occlusal surface is parallel to the base plane above 
mentioned, As it is not possible to visualize the base plane but only 
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its intersection with the side of the patient’s face, the eyes of the opera- 
tor should be on a level with the lines on the patient’s face to correctly 
judge the proper position of the occlusal surface of the rim. It must 
be understood that this flat plane of the rim is only intended to corre- 
spond generally to the future plane of occlusion of the teeth. The 
latter will be curved, whereas this is flat. When the teeth are mounted, 
their occlusal plane is lifted at the rear from the bite-plate surface, 
but the measures described locate the upper anterior teeth accurately 
and indicate in general the spacing of the upper and lower distal teeth 
between the ridges. They are, therefore, more correctly considered as 
measures of orientation. Now that the significance of these steps has 
been explained, the reader will readily understand why it is important 
not to disturb the occlusal surface of the upper bite-rim once it has 
been determined, and the necessity of making such adjustments as may 
be required to make the two plates fit together in the mouth, at the 
expense of the lower bite-plate. : 

The lower bite-plate is now tried separately in the mouth, the plate 
outline verified, and then the two are put in together. The length of 
the upper bite-plate having been definitely fixed, it is purposed to trim 
the lower one so that when in occlusion with the upper, when the 
condyles are in the most distal part of the glenoid fosse, the jaws 
will be held apart the distance it has been decided is proper for them. 

If it were possible to ascertain what the occlusal position of the man- 
dible was when the natural teeth were in place, it is probable that this 
would fulfil the requirements of occlusion for the artificial dentures 
in a majority of cases, although when the teeth have been out some 
time the tissues of the lips and cheeks have contracted and accom- 
modated themselves to a lessened distance between the jaws. It will 
be necessary to determine this distance by a judgment based upon 
the external appearance of the face and particularly that of the mouth, 
and as this is affected by the fulness of the bite-plates as well as by 
their length, these two dimensions should. be considered conjointly. 
The tentative form of the upper bite-plate is sufficient guide in the 
matter of contour to begin with, so the lower plate is trimmed to what 
is judged to be its proper length, and the contours readjusted subse- 
quently if necessary, or if later alteration of the buccal or labial surfaces 
should show that the bite-plates are too short, the lower one must 
receive additions to meet the indications. In judging of the final 
contours, three places require especial attention: (1) The lips need 
to be supported at their point of contact, as the margins fall in when 
the teeth have been lost. This is provided for by the amount of 
projection of the bite-plate at the point corresponding to the edges 
of the upper incisors, and by the inclination of its labial surface. (2) 
As a great deal of resorption has taken place at the site of the canine 
tooth, this area should be held out by the bite-plate, and the corner 
of the mouth given proper fulness. The upper bite-plate must be 
fuller and higher here than anywhere else. (3) The other place at 
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which fulness is often required is at the site of the bicuspids and first 
molars, where the cheek may be sunken in. 

When the labial surfaces of the bite-plates have been built out to 
proper proportions, the distance between the nose and chin should be 


Fre. 101.—Front view of patient with both bite-plates fitted. 


Fig. 102.—Full upper bite-plate, with yellow wax on occlusal surface. 


such that the lips just come in contact (Fig. 101). When the proper 
position has been obtained an equal amount of the mucous surface 
of both lips is displayed, the upper lip is inclined outward slightly 
from its base, and the lower lip is sufficiently everted to bring out the 
graceful curve between it and the chin. If the bite is too long, the 
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lips will be strained in trying to cover the plates, or if too short, they 
will appear compressed or curled upon themselves. Where the teeth 
have been out a long time and where the tissues have wrinkled in 
consequence, it is impossible to take out all the wrinkles or to establish 
the ideal contour and proportions above suggested; and this is also true, 
of course, where they were not originally possessed. It should be 
remembered that during the fitting and trimming of the plates the 
condyles of the lower jaw must be kept in their most distal position. 
When they have once been secured in this position, the lower bite-plate 
should have its labial surface marked and trimmed or built out until 
it is flush with that of the upper bite-plate. During subsequent 
manipulations the relationship of these labial surfaces is a guide as to 
whether or not the condyles are in their correct distal position. In 
some cases patients have contracted the habit of protruding one con- 
dyle, thus throwing the lower bite-plate to one side. In such instances 
it will be found advantageous to mark the median line of the face upon 
upper and lower bite-plates at this juncture, being certain that both 
condyles are retruded at the time. During subsequent procedures 
lack of correspondence in these two lines will at once indicate a pro- 
trusion of one condyle. 

The lower bite-plate must be trimmed to occlude evenly with the 
upper throughout its whole extent, and when the mouth is closed the 
contact between the two should be equal at all points. It is important 
that the bite-plates should be evenly trimmed, since there is danger 
that they may be in contact anteriorly and appear to be posteriorly, 
when they are really too short, and have been forced off the ridge by 
leverage on their anterior portions, and it is wise to leave the lower 
bite-plate longer behind than in front and trim it to accord therewith. 
When the plates have been fitted by trimming as closely as possible, an 
absolute fit may be obtained by removing the lower bite-plate and 
very slightly softening its occlusal surface over an open flame, quickly 
returning it to the mouth, and having the patient close in the occlusal 
position, gently pressing the plates together. It.is important that in 
this procedure the upper bite-plate be kept cool enough not to have its 
form altered at all. The final fitting may be conveniently judged by 
placing the index finger of each hand in the mouth in contact with the 
buccal surfaces of the two plates, which serves to hold them on the 
alveolar ridges, and by pressing the ‘ball of the finger slightly between 
the occlusal surfaces of the plates as the patient is directed to close the 
mouth slowly, they are held apart at places where they do not fit prop- 
erly. These occlusal portions afford rigid and unyielding surfaces that 
maintain the jaws apart the distance which has been decided upon. 
The bite-plates so fitted should now be removed from the mouth. 
Their occlusal portions should be trimmed down from the inside until 
they are not more than 2 inch wide. This is to give room to the tongue 
and to make them as comfortable as possible for the patient. It may 
be stated that the more nearly they approximate the future denture 
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in form and size, the greater will be the likelihood of accuracy in taking 

the bite. ‘They should have grooves cut upon their occlusal surfaces, 
as illustrated in Fig. 108, transverse ones at the site of the first molar 
and first bicuspid teeth, and a longitudinal one between. ‘The grooves 
receive the wax to be used later in fixing the plates together. 

Having thus determined by means of the rigid occluding surfaces 
of the bite-plates what the distance between the jaws shall be, the 
second stage consists in securing the mandible in such position that 
the plates are in contact and the condyles are back in the glenoid 
fossee, and the position of occlusion is obtained. If the bite-plates 
are then fixed together and taken from the mouth, the casts may be 
placed in position in them and mounted upon the articulator. The 
difficulty which presents itself in this procedure is in getting the con- 
dyles back in the fossee. | 


Fic. 103.—Full lower bite-plate, showing grooves cut on occlusal surface. 


When the natural teeth are in the mouth consciousness of the occlusal 
relation is derived from sensations transmitted through the teeth, which 
are sensitive tactile organs and give instant knowledge of the position 
of the mandible whenever they are in contact. Absence of muscular 
strain and absence of a strained feeling at the joint also contribute to a 
knowledge of this occlusal relation, but the muscular apparatus itself 
does not possess a sufficiently accurate muscle sense to convey this 
information. If the mandible is not forward of the incisive relation, the 
inclined planes of the cusps of the teeth form guides, which serve to 
insure its return to the occlusal position when the elevators are con- 
tracted. At the posterior end of the mandible the fossee present 
inclined surfaces which serve as guides to the condyles in their return 
to the distal position occupied by them during occlusion. With the 
teeth missing we have only the temporo-mandibular joints as guides 
in directing the mandible back to the occlusal position. A further 
consideration of this joint will serve to give a clearer understanding of 
the problem under discussion. 

The temporo-mandibular articulation is a condylarthrodial joint. 
Into the glenoid fossa, which at its posterior extremity presents a 
marked concavity, fits the condyle of the lower jaw, with the inter- 
articular fibro-cartilage interposed between them. The condyle is 
attached to the rim of the fossa by means of the capsular ligament, to 
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the center of which latter the cartilage is attached. The ligament 
thus binds the condyle in its fossa and imposes certain limitations upon 
its movement. The anterior portion of the fossa presents a flat 
articular surface over which the condyle and cartilage may glide in the 
various movements of the mandible. During the protrusive move- 
ments of the jaw this arrangement permits the condyle to slide forward 
upon the floor of the glenoid fossa, in which movement it is accompanied 
by the cartilage. At any time during this forward movement the 
mandible may rotate about a horizontal axis, passing through the 
the condyles as they rest on the cartilages, and a combination of these 
two movements frequently takes place. These movements may be 
bilaterally symmetrical or there may be movements of one condyle 
forward and inward, the other remaining in the distal part of the fossa. 
When the mandible is depressed the condyles also slide forward in the 
glenoid fosse. This is due to several anatomical peculiarities of the 
joint as well as to the fact that the external pterygoid muscles pull for- 
ward both the condyles and cartilages. The external and internal lateral 
ligaments are attached to the neck of the condyles and extend so far 
forward in their attachment to the rim of the fosse that they serve 
as fulcrums to force the condyle forward during the depression of the 
mandible. 

In returning to the position of occlusion from any of these excursions 
it is by retraction and elevation or some combination of these move- 
ments according to the position from which the return is made. Nor- 
mally this is accomplished by the contraction of the masseter, temporal, 
and internal pterygoid muscles, sometimes in combination with the 
muscles attached to the anterior end of the mandible. By the contrac- 
tion of the elevators the main body of the jaw is drawn upward and 
backward when the condyles slide up the inclines of the glenoid fosse 
into their most distal parts. The lower fibers of the temporal muscle, 
the inner fibers of the internal pterygoid, and the posterior fibers of the 
masseter muscles serve to draw the jaw back, opposing the action of 
the external pterygoid, though not directly in line with it. For com- 
plete retraction to occur there must be total relaxation of the external 
pterygoids, as these muscles have the power of fixing the condyles at 
any point in their return path. If the condyles are thus fixed at any 
point before their most distal position is reached, the elevation of the 
mandible may continue by rotation about this now fixed axis. When 
the anterior end of the mandible is completely elevated, it will then be 
forward of the occlusal relation, when, if the natural teeth are present, 
their contact serves to give information of the fact. But with the 
edentulous patient this source of knowledge is removed, and he is 
unable to assist in the operation of securing the proper occlusal rela- 
tionship. Even though there is a complete understanding on the part 
of the patient as to what is required, he no longer possesses the means 
of judging if this is obtained, and his efforts are not only not helpful, 
but often greatly hinder the work of the dentist. 
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After the loss of the teeth, changes in the joint incident to this 
condition frequently further complicate the problem at hand. The 
elevator group of muscles, being no longer accommodated to a fixed 
position of the mandible, usually shorten, as do the other tissues extend- 
ing between the jaws. The ligaments of the joints become stretched 
and the articulation becomes loose and wandering. The anterior por- 
tion of the glenoid fossa becomes resorbed, resulting in a flattening of 
its floor, all of which factors tend to make the protrusive movements 
easy and those of retraction uncertain. The longer the teeth have been 
absent, the greater will be the tendency toward protrusive movements. 
Lack of precision in the movement of the jaw will also frequently be 
increased by the various manipulations incident to fitting the bite- 
plates. | 

It becomes very difficult, therefore, to secure the jaw in its distal 
position. In this operation efforts are directed to compel the patient 
to close the mouth and bring the bite-plates together, and to have the 
jaw slide back to its proper position. Measures which are utilized to 
fix the plates together at the same time that the mouth is closed are 
open to the criticism that they serve to increase the protrusive tendency 
if much force has to be exerted in bringing the jaws together, and great 
_ care must be taken to avoid this error. It may be stated as a truism 
that the smaller the amount of force necessary to close the jaws, the less 
likelihood will there be of protrusion. Goslee! has called attention to 
the tendency to a continuation of the incising relation which may be 
caused by having too much wax upon the anterior part of the plates. 
This offers the same sort of resistance to the closure of the jaw as is 
met with in incising food, and the muscular movements which are 
useful in incision are reflexly provoked thereby. Instructing the 
patient “to bite” usually conveys the idea “‘to incise,” that being the 
common meaning of the word, and the movements of that operation - 
are suggested. It is safest to use the term “close the mouth” in giving 
directions during the procedure, as that more nearly than any other 
suggests the desired movement. 

The operator must be able to tell when the jaw is in its posterior 
position, in which he may be assisted by palpation of the external end 
of the condyle, and by inspection of the surface of the skin during its 
motions, and by resorting to the measures which induce its backward 
movement. While it is there, the bite-plates must be marked and so 
trimmed that their anterior surfaces are flush, to serve during sub- 
sequent procedures as an indication as to whether the jaw is protruded. 
The median line may also to advantage be marked upon both plates so 
that a protrusion of one condyle would be noted. The plates should. 
fit firmly, be comfortable and stable in position, and the patient 
should be engaged in conversation, and, if possible, made to forget the 
operation. ‘Then they should be taken out, wiped dry with a napkin, 
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and replaced, and a small quantity of very soft yellow wax placed over 
the grooves on each side of the lower plate. ‘The patient is then 
directed to swallow, and, as the lower jaw has to be fixed for this opera- 
tion to give a base from which the elevators of the larynx may work, 
the condyles are usually forced back in the fossee. By this means the 
patient is engaged in the performance of an act which is naturally done 
when the condyles are back in their fossee and the tendency to protru- 
sion is thereby considerably reduced. It must be observed that the 
bite-plates have been brought into the proper relation, and also it must 
be assured that they are in position on the ridges. It may occasionally 
be necessary to hold them in position, especially in the case of a lower 
jaw in which there has been much resorption. 

If the head is thrown backward, the tissues of the front of the neck 
attached to the lower jaw, particularly the platysma myoides, are put 
on the stretch, the tendency being also to carry the jaw backward. 
Instructing the patient during closure of the mouth to touch the palatal 
vault with the tip of the tongue as far posteriorly as possible, also has 
the advantage of tending to keep the jaw far back. Asking the 
patient to bite the back teeth together may assist in securing this 
position, because of the fact that in the natural denture this is not 
possible when the jaw is protruded. Efforts to hold the jaw back by — 
clasping the fingers behind the ligamentum nuche and pressing with 
the thumbs on the chin, or pushing it back forcibly by pressure on the 
chin during the closing, have been recommended and in some cases 
they may be successful, but frequently ee are so resisted by the 
patient as not to be effective. 

In view of the fact that it is the canal pterygoid muscles whose 
contraction prevents the return of the condyles to their most distal 
position, it is sometimes effective to tire out these muscles by requiring 
the patient to move the mandible rapidly and energetically alternately 
as far forward and as far backward as possible, the bite-plates being 
kept in contact during these excursions, until the patient complains 
of fatigue, when the relaxation of these muscles allows the mandible 
to assume its normal rest position in a natural and unstrained manner. 

The method of securing the centric relation rest record advocated by 
Gysi and described on page 193 is a splendid check upon the correct 
occlusal relation in all cases. In the opinion of many, it is the only 
absolutely positive means available at present of proving that the man- 
dible has been secured in its correct distal position, and the reader is 
specially referred to this description which is included in another sec- 
tion because of its relation thereto. 

The wax interposed between the two plates should be small in 
amount and quite soft. It serves two purposes—to unite the bite- 
plates in the position of occlusion and to compensate for any failure 
of their occlusal surfaces to be in uniform contact. It is difficult in 
trimming an unyielding substance like modeling compound to get two 
surfaces to fit absolutely accurately, although, of course, this should be 
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attempted. The wax at properly distributed points offers enough 
resistance to hold the plates in contact with the membrane, but not 
enough to interfere with the accuracy of closure. Care should be taken 
to see that the labial surfaces of the plates are flush, since by this means 
it may be seen that the jaw is in its most distal position. The bite- 
plates may be fixed by fusing their edges together with a hot spatula, 
or by the use of staples of wire inserted on each side to bind them 
together, or in very difficult cases in which it is desired to interpose no 
resistance to the contact of the bite-plates, thin plaster of Paris may be 
used for the purpose as has been recommended by Ottolengui.! 
Another method of fixing the bite-plates together is to cut three 
grooves about 4 inch deep in the occlusal surface of the upper bite- 
rim. When the occlusal relation is to be taken, the surface of the 
lower bite-rim is softened by heat to a depth of about 3, inch, it 


Fic. 104.—Upper and lower bite-plates showing high lip line and median line of the 
mouth. 


is quickly placed in the mouth and the patient directed to close. 
Thus some of the softened material is forced into each groove, fur- 
nishing an accurate guide for the correct relations of the bite-plates 
when removed from the mouth, and also a guide in the return of the 
mandible to the same position during subsequent manipulations in 
the mouth. Furthermore this likewise serves to adjust the lower 
bite-rim to an even bearing upon the upper one. 

The High Lip Line.—In the usual movements of the lips in speaking 
the teeth are more or less exposed to view, and even greater displayal of 
the denture is made in laughing and smiling. ‘The relation between the 
lips and the teeth in laughing and smiling has much to do with the 
beauty of these acts. It is usual, therefore, to take into account the 
amount of this exposure in the construction of artificial dentures, and 
the highest point to which the patient can elevate the upper lip should 
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be indicated by a line drawn upon the upper bite-plate at the lower 
margin of the upper lip. This lip is more mobile than the lower, 
because a larger number of muscles move it, and more of the upper 
teeth are displayed in smiling and laughing. In separating the jaws 
the lower teeth are depressed below the margin of the lower lip, and 
it is usual to disregard this record on the lower bite-plate for the addi- 
tional reason that the upper having been determined, the proportions 
of the lower are more or less harmonious therewith. It may, however, 
be marked upon the lower bite-plate and is then “‘the low lip line.” 

The Median Lane of the Mouth.—This should always be recorded, for 
in a normal natural denture the line between the central incisors prac- 
tically coincides with the median line of the mouth. The median line 
of the mouth is more or less difficult to determine for lack of an accu- 
rate guide in judging it. The frenum of the upper lip is usually in the 
median line, but it is by no means a safe landmark, for in a good number 
of cases it is a little to one side or the other. The median line of the 
cast and the little tip on the front of an edentulous upper cast, repre- 
senting the incisive pad of the ruge, are also unreliable; because the cast 
is frequently unsymmetrical from the fact that the teeth on one side 
may have been lost earlier and the resorption taken place to.a greater 
extent than on the other side. The median line of the mouth must, 
therefore, be secured by data obtained from the face. The tip of the 
nose is so frequently out of the median line that it should not be used. 
The philtrum, when not obliterated, is a safe point of reference. The 
base of the septum of the nose and the median line of the chin may also 
be used. The mouth itself is sometimes from habit or otherwise one- 
sided, and then the line fixed upon as the median line should occupy a 
position between the median line of the mouth and that of the face. 
_ After it has been determined upon, it should be marked upon both 
bite-plates perpendicular to their line of division while they are still 
in the mouth. Fig. 104 shows the bite-plates removed from the mouth 
and exhibits the median and high lip lines. . | 
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The bite for a full upper plate where the lower natural teeth remain 
in whole or in great part, or where a satisfactory lower denture exists, 
involves the construction of a bite-plate in accordance with principles 
already outlined. It should be tried in the mouth, trimmed tenta- 
tively for contour and length to the lower margin of the upper lip, 
and the patient requested to close the lower teeth upon it. Special 
care should be taken to see that the lower teeth strike evenly upon its 
occlusal surface, and, when the jaws are closed in the position of occlu- 
sion, the lips and cheeks should be lifted so that it may be seen whether 
this is the case, and an excavator should be used to try to pry the jaws 
apart at each tooth to prove the contact. The external contour and 
distance between the jaws should be established in accordance with 
the principles which underly their determination in full upper and 
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lower cases. It must be remembered, however, that in determining 
the length of the upper bite-rim, provision must be made for the pro- 
posed over-bite. If the length of the upper lip in repose is taken as the 
guide, on the bite-rim trimmed +; inch below this, when the teeth have 
been set up on the articulator and are tried in the mouth, it will be 
found that they will appear too long because the amount of their over- 
bite has not been taken into consideration. The length of the upper 
bite-rim must therefore be adjusted with this fact in view. After 
the plate has been satisfactorily shaped to fulfil these requirements, it 
is removed from the mouth, wiped dry with a napkin, and the occlusal 
surface covered with a thin layer of very soft yellow wax, which should 
be made to adhere closely, and only thick enough to receive indenta- 
tions of the occlusal surfaces of the lower teeth. It is replaced and the 
mouth closed as in the previously described bite-taking operations. 
The patient should bite into the wax until the cusps of the teeth touch 
the bite-plate, which insures that the distance between the jaws is the 
same as was determined by the bite-plate. It is important that only 


Fig. 105.—Bite-plate for full upper denture in case in which the lower natural teeth 
remain. Cast set in bite-plate preparatory to mounting in articulator. 


a small amount of wax be used because of the increased tendency to 
protrusion caused by too great a quantity. The bite-plate may be 
marked with a line to note the position between the lower central inci- 
sors to assist in bringing the lower jaw ‘to a correct position, and the 
relation of the incisors to the edge of the bite-plate will also assist in 
this purpose. 

The high lip line and median line of the mouth should be marked 
upon the bite-plate, since the line between the lower central incisors is 
too frequently out of center to be depended upon for setting up the 
teeth, and the median line of the mouth is a safer guide. The bite- 
plate should be removed from the mouth, the wax chilled in water 
and laid aside, and an impression taken of the lower jaw, a cast made 
and fitted into the depressions in the wax of the bite-plate (Fig. 105). 

Bites for Full Lower Dentures.—In taking the bite for a full lower 
denture, a bite-plate must be made for the lower jaw as described earlier 
in this chapter. It rarely occurs that the upper natural teeth remain 
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in a mouth in which all the lower have been lost, and the common 
case requiring a full lower denture is that in which there is already a 
satisfactory upper. ‘The general procedure is the same with either 
artificial or natural upper teeth. The lower bite-plate is formed and 
trimmed to occlude evenly with the upper teeth, and of such length 
that the distance between the jaws as determined by the appearance 
of the patient is correct. The bite-plate is given a layer of wax over 
its occlusal surface and the bite taken in the usual way. Where there 
is an artificial denture for the upper jaw, it is well to remove this with 
the bite, to mount it upon the articulator, and to articulate the lower 
teeth to it rather than to a cast formed from the tooth depressions in the 
wax. Where the denture has been made some time before the lower 
teeth were lost, and particularly where the teeth are set at irregular 

levels to occlude with the natural ones, it is advisable to reset them with 
~ the lower teeth, as a much more satisfactory occlusion may be obtained. 

Bite-plates for Temporary Dentures.—These differ in no wise from 
the plates already described, except that they do not extend over the 
labial surface of the cast, this being more especially true of those for the 
upper jaw. This arrangement is, of course, necessitated by consid- 
erations of contour. They are, in consequence, more difficult of 
retention, and this must be looked for and provided for by means 
already discussed. | 


Fig. 106.—Bite-plate for partial lower denture 


Bite-plates for Partial Dentures.—Except in those cases in which 
only a few teeth have been lost, bite-plates must be constructed for 
taking the bite for partial dentures. In general it is better to construct 
them of a thin sheet of modeling compound rolled out to about the 
thickness of No. 12 gauge, adapted to the cast, and trimmed to the plate 
outline. Vacancies between the teeth are built up with additions of 
modeling compound to the level of the adjacent teeth at such places as 
it is necessary that the plate should oppose a tooth in the opposite jaw 
and stay the bite (Figs. 106 and 107). Where the natural teeth 
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remaining occlude and stop the closure at that point, these spaces on 
the partial bite-plate may be built up with soft wax just before the 
closure for fixing the bite is made, the soft wax receiving an impression 
of the opposite teeth. 

Partial bite-plates may often be strengthened to advantage by 
imbedding iron or brass wire of proper shape in them at such places as 


ie be exposed to strain, and this is particularly true of partial lower 
plates. 


Fic. 107.—Bite-plate for partial upper denture. 


Taking the Bite in Partial Cases.—1. In the construction of dentures 
for partial cases where the remaining natural teeth occlude properly 
and particularly if only a few have been lost, it is only necessary to be 
assured that the teeth of the casts occlude in the same way that the 
natural teeth do, and, if there are enough points of bearing, occasionally 
they may be mounted on the articulator without taking the bite. If, 
however, a roll of soft yellow wax is placed between the patient’s teeth 
and they are brought to the position of natural occlusion, the wax may 
be pressed up with the fingers, cooled with water, removed from the 
mouth, and the casts may be fitted into the wax with the assurance 
that their relation is correct. Two sheets of red base-plate wax with a 
sheet of heavy tin-foil (about No. 60) interposed are useful in securing 
an accurate record of the relationships of the natural teeth. When 
this is warmed, placed in the patient’s mouth, and the latter instructed 
to close, the pressure of the teeth will swage the tin-foil into the 
sulci of the teeth, thus giving a stiffer and more reliable means for the 
correct mounting of the casts in the articulator. It is important to be 
certain that the teeth come into the position of correct occlusion when 
the jaws are closed upon the wax, and it is expedient to mark opposite 
points with a lead pencil upon the external surfaces of two teeth that 
occlude, and to observe if these bear the same relation when the jaws 
are closed for the bite. This includes partial upper or partial lower 
dentures or both. 

2. Where the teeth remaining do not occlude, as in the case of a par- 
tial upper and partial lower denture, it is, of course, necessary to have 
bite-plates to establish the distance between the jaws, as was done with 
the full upper and lower. These are trimmed tentatively to correspond 
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_ in the length of their occluding portions with the adjacent teeth and are 
tried in the mouth. The same general principles which determine the 
length of the full upper and lower bite-plates must be borne in mind, 
but the length of the remaining natural teeth will be the main guide in 
determining the trimming. The plates and teeth should occlude with 
the same evenness and firmness which is demanded of the full plates, 
each tooth striking upon the bite-plate. The plates are removed, 
wiped dry, and their occlusal surfaces covered with softened wax, and 
the bite taken as has been before described. With a full denture for 
one jaw and partial for the other, as in a case in which some of the 
lower natural teeth remain, the obvious method is to combine the 
principles of bite-taking for partial and for full dentures, being guided 
by the natural teeth as to the length of the bite-plate, by the external 
appearance of the patient as to the contour and the distance between 
the jaws. 

3. There are occasional cases requiring partial upper or lower 
dentures or both where the remaining natural teeth occlude, but where 
they are either much abraded or have been driven out of their places by 
the force of occlusion, and the distance between the jaws which they 
establish is insufficient. It is usually advisable in such instances to 
“open the bite.” The bite-plates are trimmed to a length in accordance 
with the amount it has been determined the jaws are to be separated, 
and the procedure is the same as where there were no points of occlu- 
sion. It must be borne in mind that the natural teeth separated by 
this measure should be built up by operative measures or by crowning, 
if possible, as they cannot otherwise participate in the masticatory 
functions of the denture. Instances demanding this procedure are not 
of frequent occurrence, but a few cases are much simplified and the 
mouths much improved by thus establishing a new position of occlusion. 

The determination of the relation of the jaws to the temporo-maxil- 
lary articulations, and the determination of the path of the condyle in 
its forward and lateral excursions are questions so closely related to 
the subject of articulators that it will be necessary to consider them 
conjointly. | 


ARTICULATORS. 


Introductory and Historical.—The invention of the instrument known 
as the articulator is attributed by Guerini! to J. B. Gariot about the 
year 1805. As originally designed, it was merely intended as a con- 
venient means of maintaining the plaster casts in their correct occlusal 
relationship during the operation of arranging the artificial teeth. In 
its earliest form it consisted of two metal frames to which the casts — 
could be attached, joined by means of a simple hinge mechanism, and 
provided with a set screw or stop to hold the frames a fixed distance 
apart. The casts were mounted upon the frames in accordance with 
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the record taken of the proposed occlusal relations of the jaws. The 
hinge permitted the separation of the casts during the various manipula- 
tions of setting the teeth, while the stop ensured the return of the casts 
to the correct occlusal relationship when desired. Many forms of this 
simple instrument have been employed since that time, and it persists 
today in the so-called “plain line articulator.” As the hinge of the 
device is not intended to represent the temporo-mandibular joint, nor 
to imitate its movements in any way, the utility of the device is limited 
to establishing or maintaining the occlusal relationships of the artificial 
teeth, and it is of no service in setting the teeth in accord with methods 
of articulation employed at the present time through which their 
functional efficiency is greatly enhanced. 

While an articulator with a slot arrangement permitting a sliding 
motion at its joint was patented by Evans! in 1840, it is probable that 
the first instrument embodying the idea of a mechanism which would 
reproduce the mandibular movements of the patient, was that designed 
by W. G. A. Bonwill, said to have been developed in 1858, and demon- 
strated before the American Dental Association in 1864.2 (Fig. 108.) 
With this apparatus, a serious effort was made to imitate the move- 
ments of the mandible in its forward and lateral excursions. The joint 
mechanism consists of a ring sliding upon a round bar, in imitation of 
the sliding movement of the condyle, the direction of the bar deter- 
mining the path of the ring. The latter is attached to the portion of the 
instrument carrying the upper case, the bar being a part of that carrying 
the lower cast. So long as the upper and lower bows of the device are 
parallel, the path of the mechanical condyle is parallel to them and 
hence in a horizontal plane. When the lower bow is depressed in 
imitation of the opening movement of the mandible, the bar is corre- 
spondingly elevated, its angle with the horizontal plane is changed, 
and the path of the condyle is represented as descending in an amount 
proportional to the degree to which the lower bow has been depressed. 
This is a faulty principle, as it is obvious that an instrument in which 
the portion representing the condyle path as changing its direction 
during the opening movement does not reproduce the conditions found 
in the human mechanism. 

_ The instrument represents the centers of the condyles as 4 inches 
apart, and it is directed that the casts be placed upon the articulator 
with their general alveolar planes parallel to the loops to which they 
are attached, the central point of the lower bite-rim being located 4 
inches from each mechanical condyle center. This is based upon Bon- 
will’s familiar theory of the equilateral triangle as representing the 
typal design of the lower jaw, which presupposes a uniform intercon- 
dylar distance of 4 inches and a like distance from each condyle to the 


center of the lower denture. It is a well known fact that all mandi- ~ 


bles do not conform to these measurements, and that a considerable 


1 Wilson: Dental Prosthetics, 1920, p. 177. 
2 Am. Dent. Assn. Trans., 1864, p. 76. 
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variation from these specifications commonly exists. The instrument 
is the embodiment of an idealized concept which is not in accord with 
actual anatomical conditions. 

Bonwill’s ideas were accepted by a limited few, and two decades 
passed before any appreciable interest was display ed in articulator 
design. W. E. Walker! made a serious study of the problem and in 
1897, developed an articulator with individually adjustable condyle 
paths and other improved features together with measuring instru- 
ments by which the condyle registrations could be set for the case in 
hand. The apparatus was too complicated to make any general 
appeal at the time and it never came into wide use. (Tig. 109.) 


Fig. 108.—Bonwill articulator. (Photograph of intrument in collection of the Depart- 
ment of Dentistry, University of Pennsylvania.) 


Since 1900 interest in this question has gradually become wide- 
spread, and there have been a large number of contributions to the 
study of articulators and their related problems. Almost innumerable 
devices have been designed, embodying a great variety of ideas. The 
purpose in the mind of each designer has been the production of an 
instrument capable of imitating those movements of the mandible 
which are directly concerned with the articulating relations of the 
teeth, in accordance with the designer’s idea of the nature of these 
movements and of their relative importance. The inherent difficulty 
of studying the motions of the mandible in the living subject and of 
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securing accurate registration records of these movements, has been 
the fundamental obstacle in the work upon this problem. In direct 
proportion as the knowledge of the exact character and the significance 
of mandibular movements has been extended, has truly scientific 
progress been made in articulator design. 

The limitations of this text obviously preclude a detailed discussion 
of the various instruments that have been presented to the profession 
during the last twenty-five years, nor would it be useful in the present 
connection. Dental periodical literature, as well as many books and 
pamphlets published during this period, contain full descriptions of 
these devices and the principles underlying their use. While many of 
these published articles strongly suggest the enthusiastic partisanship 


Fig. 109.—Walker’s articulator. 


of their authors they include numerous substantial contributions of a 
truly scientific character. It is not the purpose of the writers to present 
a controversial discussion of this subject, but it is essential that a clear 
definition be made between contributions based upon established and 
demonstrable scientific fact, and those not so supported. It is but 
natural that in the development of any phase of scientific thought, 
truth and error should frequently be found closely associated. The 
complexity of this subject and its inherent difficulties have rendered 
a discrimination between the true and the false almost impossible 
except for the few who have subjected it to the most exacting scrutiny. 

The conclusions herein presented and the methods advocated 
represent the best contemporary thought in this field. 
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The Function of the Articulator.—The employment of a so-called 
“anatomical” articulator is to establish such correlation of the forms 
of the occlusal surfaces and relative positions of the teeth of artificial 
dentures with the movements of the mandible characteristic of the 
patient for whom the dentures are intended, as will give them the 
maximum of efficiency and stability. Once the casts have been prop- 
erly mounted, and the instrument adjusted, this assembly furnishes 
a reproduction of the dental mechanism of the patient upon which 
the artificial teeth may be arranged to meet the above requirements. 
The articulator should be capable of limitation to fixed paths of 
motion in exact imitation of any movements of the patient’s mandible 
which can occur when the teeth are in contact, and should exclude all 
other movements during such contact. The principles underlying 
the selection of suitable teeth and their arrangement to meet the 
desired ends are discussed in later chapters. 

Articulator Design.—The design of several articulators has been 
based upon some purely theoretical or preconceived conception of the 
kinematics of the dental mechanism. For example, that of Rupert 
E. Hall which appeared in 1914, is based upon the idea that the move- 
ment of the lower teeth over the surfaces of the upper in mandibular 
excursions, is their movement over the surface of a cone with a gener- 
ating angle of 45 degrees, the axis of the cone being in the median sagit- 
tal plane at an angle of 45 degrees with the horizontal plane, and its 
apex somewhere near the occipital protuberance. The axis of the 
opening movement is not at the level of the condyles but in the same 
horizontal plane as the plane of occlusion. This was later improved 
mechanically by M. M. House as the Hall-House Precision Articulator 
but its general principle remained unaltered. (Fig. 110.) The designer 
maintained that contacts of the cusps of the teeth during mandibular 
movements determined the nature of the latter, and that the temporo- 
mandibular joints had no influence on the character of these movements 
and would adjust themselves if necessary to the movements which 
the tooth cusps permitted. As many dentures articulated on this 
instrument did not articulate in the mouth, a wholly new system of 
balancing contacts was devised embodying two contacts between the 
dentures, a third being provided by the food between the teeth on the 
working side. That the principle upon which this instrument is based 
is erroneous and not in accord with anatomical fact has resulted in its 
being relegated to disuse by its former advocates. 

Another instrument which is now in contemporary use is that 
devised by George S. Monson presented in 1918 and called a “Maxillo- 
mandibular Instrument.” (Fig. 111.) It is based upon the conception 
that the lower teeth move over the surfaces of the upper as over the 
external surface of a sphere with a radius of 4 inches, the surfaces of the 
glenoid fossxe over which the condyles glide being surfaces of this same 
sphere or one concentric therewith, the center of the sphere being in the 
sagittal plane and located in the general neighborhood of the glabella. 
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This is derived from the idea evolved by von Spee, which has been 
elaborated by various workers since his time, notably by Villain.! 
While this concept of the typal mechanical design of the dental mechan- 
ism serves admirably as a means of portraying in graphic terms the 
movement of the mandible in relation to the maxille, it should only be 
regarded as such, and it cannot besuccessfully incorporated in articulator 
design. While the Monson articulator may provide the means of 


Fria. 110.—Hall-House Precision Articulator. 


approximately reproducing the movement of the mandible in its 
forward excursion, it is not in accord with the widely accepted con- 
clusions about the guidance afforded by the mandibular condyles in 
the lateral movement of the mandible. In this device lateral move- 
ment takes place about a single central axis placed at an angle of about 
45 degrees with the general plane of occlusion of the teeth, whereas 


1 Prothése: Principes Generaux, p. 97 et seq. 
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the mandible itself does not rotate about a central axis in its lateral 
excursions. 

Other articulators that have been presented for acceptance by the 
profession may be grouped into three classes. In all of these the 
importance of condylar guidance in the movements of the mandible 
has been recognized. A first group consists of those in which certain 
portions have been made adjustable to meet the indications of a given 
case, but are not completely adjustable in regard to each of the several 
factors influencing the movement relations of the mandible. In some 
of these the influence of certain variables is not recognized at all, 


Fig. 111.— Monson articulator. 


while in others they are regarded either as negligible or as satisfied 
by an average registration. Another group consists of those in which 
the average of each of the various variable elements is permanently 
fixed in the articulator structure upon the theory that an average 
will be suitable for a large number of cases, and that exceptional cases 
may have their error corrected by adjustment in the patient’s mouth. 

The third class includes those in which an effort is made to provide 
an adjustable mechanism to represent each variable influence on jaw 
movement, in order that the instrument may be completely adapted 
to the indications of each individual case. 
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According to the best thought of the present time, an articulator to 
be completely adaptable to the requirements of the individual case 
must include provision for adjustment in the following particulars: 

Individually adjustable condyle paths. 

Individually adjustable rotation centers. 

Reproduction of individual lateral movement of mandible. 

Changeable inclined plane for incisal guidance. 

Means for the correct location of casts with respect to the joint 
mechanism. 

It may well be asked why many articulators have enjoyed such wide 
use when their architectural plans have been so much at variance, 
and whether it has been possible to employ them with any degree of 
satisfaction. That many of them have given satisfactory results in a 
certain number of cases, there can be no question. This is due to 
several facts, some of which are independent of the design of the instru- 
ment. ‘That some of the more scientifically designed give poor results 
in the hands of certain users is attributable partly to unskilled usage, 
and partly to the inherent difficulty of securing accurate measurements 
for registration upon the instrument. Stretching of the joint ligament 
and the resilience of the base upon which the dentures rest often com- 
pensate for errors of construction. Articulators with fixed average 
registrations certainly give satisfaction in a limited number of cases. 
Grinding the surfaces of the teeth, and milling them in the patient’s 
mouth by the use of an abrasive, serve to correct many errors of articu- 
lation, while improved methods of retention often render dentures 
satisfactory to the patient when they fall far short of mechanical 
excellence. Some of the variants have more influence on the relations 
of the teeth during mandibular movements than have others, and as 
these variants have a definite reciprocal relation, an error in one may 
be compensated by an error in another. Nevertheless, each one of 
the variable factors above mentioned plays some part in mandibular 
movements, and no articulator can be considered wholly satisfactory 
in which any of these is neglected. ) 

Adaptable Articulators.—'The Gysi Adaptable Articulator,! appearing 
about 1910, included provision for all the variants known at that time, 
and in addition, the use of the incisal guide rod and inclined plane 
upon which it moved, the latter being one of the most important addi- 
tions which has been made in articulator construction. Prior to this 
time, the artificial incisors attached with wax to their base-plates, have 
served to guide the front end of the instrument in its forward and lateral 
movements. Because of their uncertain effect in this relation especially 
in warm weather, the gliding of the incisal rod upon its inclined plane 
more effectively imitates the effect of the incisor over-bite in causing 
an opening movement during the forward excursion, and prevents the 
-~downward movement of the upper articulator bow in lateral excursions. 


1 The Dental Cosmos, vol. 52, p. 148. 
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This instrument had adjustable condyle paths and rotation centers, 
together with a complete set of measuring instruments for securing 
registrations of individual cases. A later model incorporated an 
adjustment to reproduce the lateral bodily movement of the mandible 
to which attention was called by Norman G. Bennett. The most 
recent model (1926) called the “Gysi Trubyte Articulator,” possesses a 
changeable inclined plane for the incisal rod, and more accurate means 
of reproducing both the rotation centers in lateral movements and the 


so-called Bennett movement, as well as individually changeable condyle 
paths. (Fig, 112.) 


Fig. 112.—Gysi Trubyte Articulator. 


In 1921, Rudolph L. Hanau presented his articulator (Model H) 
and the technic of securing and recording the various registrations pro- 
vided for in the instrument. (Fig. 113.) This may be regarded as a 
partially adaptable device as it has provision for adjusting it to many of 
the variants influencing mandibular movement. As the designer has 
associated with it his own technic in securing or determining the records 
in accord with which the instrument should be set, at the appropriate 
place in the text, this technic will be discussed. 

Frederick W. Frahm,! W. C. Dolbey? and Ichigoro Nakahara (Tokyo) | 
have each devised adjustable articulators, but as these have not been 
widely used, it appears unnecessary to include their description. 


1 The Dental Cosmos, vol. 56, p. 533. 
2 Tbid., vol. 56, p. 943. 
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About 1924, the articulator designed by Frank Wadsworth was intro- 
duced in its present form. It possesses individually changeable con- 
dyle paths, condyle standards which may be set to reproduce the 
estimated intercondylar distance of the case in hand, two adjustable 
lateral plates upon which the incisal rod moves in the lateral excur- 
sion, and, as a distinctive feature, a superposed ‘“‘centering plate” for 
use in scribing the curved plane of occlusion in accordance with the 


Fig, 113.—Hanau model H articulator. 


designer’s technic which is described in a succeeding chapter (Chapter 
VII). In the straight protrusive movement of the instrument, the 
incisal rod glides horizontally in the groove formed by the two lateral 
guiding plates and thus the effect of the incisor over-bite is not imitated. 
The technic of articulation advised with this instrument includes the 
placement of the distal teeth first, and the opening movement caused 
by the inclined planes of the cusps of these teeth as they glide upon 
each other when the lower bow is moved forward, produce the effect of 
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Fra. 114.—The Wadsworth universal articulator; 1, base or lower bow; 2, upper bow; 
3, centering plate; 4, 5, condyle standards; 13-13, condyle standard adjusting screws; 
6-6, condyle paths; 14-14, condyle path adjusting set-screws; 16-16, condyle rest 
position screws; 15-15, condyle center adjusting screw; 21-21, condyle tension springs; 
27-27, model plates; 28, 29, model plate set-screws; 17-17, condylar distance collars; 
18-18, condylar distance collar set-screws; 8, 10, 11, 33, incisal pin unit; 11, 12, 23, 
24, 25, 26, incisal grade unit; 11, lock-nut. 


Fig. 115.—Acme articulator. 
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the over-bite. In this articulator is embodied the idea that the centers 
of rotation in lateral movements are located in the condyle centers, 
and the movable condyle standards are to be set to the measured inter- 
condylar distance in accordance with a technic described on a later 
page. : 
The Acme articulator, which is an elaboration of one originally 
designed by George B. Snow, includes adjustable condyle paths, a 
changeable incisal rod guide, and comes in three models of different 
widths to accommodate three ranges of intercondylar distance. The 
so-called Bennett movement is provided for, but in the instrument 
this is not limited or capable of limitation to the indications of a given 
case. } 
Limitations of Articulators.—The anatomical articulator must not 
be viewed as an instrument of mathematical precision in the sense that 
it can accurately reproduce mandibular movements and the contact 
relations of teeth in function. No mechanical device is capable of 
imitating in its construction the compressibility of the soft tissues 
intervening between the bones at the temporo-mandibular joint, 
nor the effect of the elasticity of the ligaments which restrict the 
jaw movements. Neither can it represent the varying pull of the 
muscles nor the balance which their varying contraction may establish 
in jaw relations. Furthermore, it must be remembered that in the 
mouth dentures rest upon resilient bases which yield under the pres- 
sure of mastication, while in the articulator, these dentures in process 
of construction rest upon unyielding casts of plaster or artificial stone. 
These items introduce factors of error which have modified the 
methods employed in obtaining the registrations in accordance with 
which the articulator is adjusted for the individual case. The splendid 
measuring instruments devised by Alfred Gysi were employed to 
record mandibular movements and jaw relations when the mandible 
was not in actual function, and hence these records did not represent 
the actual operating conditions when the dentures were inserted. 
Their use has been superseded by methods of recording jaw relation- 
ships in protruded and lateral bites through the use of plastic materials 
interposed between the bite-plates themselves in the mouth and subject 
to pressure between the jaws. From these records the articulator 
may be set to reproduce not so much the actual Jaw movements, but 
the relations brought about between the jaws as a resultant of these 
movements. By this method it is believed that the factor of error 
represented in the resilient denture base is also largely eliminated. 
Any completely adaptable instrument is suitable for use in this manner. 
From what has been said above it must not be inferred that the 
articulator itself need not be constructed with mechanical precision. 
Quite on the contrary, it should be staunchly made, entirely free from 
lost motion, and provided with reliable means for mechanically con- 
trolling and guiding its movements once they have been determined 
and set for the individual case. 
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It must still be remembered, however, that while this device is an 
indispensable aid in the articulation of artificial teeth, the final place 
of trial of dentures isin the mouth. After the teeth have been set upon 
the instrument, they must be tried in the mouth before being per- 
manently affixed to their base-plate. and any errors detectable at this 
time corrected. Again after they have been finished and milled to 
satisfactory gliding contacts in the articulator, they may still require 
further milling in the mouth if the operator has set as his goal that 
perfection of mechanical adjustment that insures the comfortable and 
efficient use of the dentures. toa 


Fic. 116.—Hanau face-bow. 


THE RELATION OF THE JAWS TO THE TEMPORO-MANDIBULAR 
) ARTICULATION. 


It must be evident that in using an articulator in which the mandi- 
bular movements are to be imitated, the casts must occupy the same 
position relative to the joint mechanism as the jaws occupy relative 
to the temporo-mandibular joint. Otherwise the joint mechanism 
would permit the casts to be moved relatively to each other in ways in 
which the jaws cannot be. A means of determining this with. satis- 
factory precision is furnished in the Snow face-bow or the Hanau 
face-bow illustrated in Fig. 116, which consists of a stem with a semi- 
circular plate attached for imbedding in the bite-plate, and a bow with 
a clamping device and projecting index rods at each end of the bow. 
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The Hanau bow is provided with a semicircular plate with an offset 
stem which enables it to be used with articulators bearing incisal guide 
rods without interfering with the latter in setting the casts. The 
condyle shafts are nicely calibrated, which confers an advantage in 
accurately adjusting them to the face. 

The method of use of the appliance is as follows: After the bite 
has been taken and the bite-plates are firmly fixed together with the 
jaws in the occlusal relation, the plates are removed from the mouth, 
and the casts placed in them to prevent a distortion of their shape in 
subsequent manipulations. Then the semicircular plate of the stem 
is heated sufficiently to allow it to be imbedded in the upper bite- 
plate (Fig. 117), the stem occupying the median plane of the plate, 
or to one side, if the Hanan offset stem is used. Care should be taken 
to see that the high lip line, the median line, and the lower edge of the 
bite-plate, which are to serve for reference in setting the teeth, are 


Fie. 117.—Stem with semicircular plate imbedded in upper bite-plate; ready to be 
returned to patient’s mouth. 


not disturbed by this procedure, and also that the plates themselves 
are not distorted in form or relation. The position of the external 
end of each condyle while the mandible is in its most distal position is 
then located by palpation and marked upon the skin of the face by 
a small piece of court plaster or a pencil mark (Fig. 118). It will 
be seen in Fig. 48, page 66, that the external end of the condyle is 
4 inch anterior to the external auditory meatus and on a line drawn 
from the bottom of the meatus to the corner of the eye. In many 
patients the end of the condyle may be easily felt through the tissues 
covering it; in others by placing the index finger just inside the external 
auditory meatus, the thumb on the surface of the face just anterior to 
the position of the condyle, then, requesting the patient to open and 
close the mouth, the location is determined. 

The bite-plates are then returned to the mouth with the stem, which 
is now attached to them, projecting between the lips. The bow is put 
in place, with the stem entering the movable clamp which slides upon 
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the bow, and with the two projecting end pieces or condyle shafts 
of the bow accurately placed over the condyles as indicated by the 


Fic. 118.—Bite-plate in the mouth with stem protruding. 


Fra. 119.—Bite-plate in the mouth with face-bow adjusted. 


pieces of court-plaster on the skin. It is necessary to see that the two 
project in equal amounts from the bow before the milled clamps which 
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fix them are tightened, because, when the casts are to be mounted on 
the articulator, and these end pieces are pushed into the external ends 
of the joint mechanism of the articulator, they must likewise project 
equal amounts on the two sides in order to assure a centering of the 
casts. If this were not done, that is, if the two end pleces project 
unequal amounts when the bow is in position on the face, the casts will 
not be centered when they are transferred to the articulator. When this 
has been done, the movable clamp, which fixes the stem to the bow, 
is tightened, care being taken that the patient’s jaws are firmly closed 
in the bite-plates, and that the end pieces have not moved from their 
positions over the condyles. (Fig. 119.) The bow, stem and bite- 
plates, now firmly fixed together, are removed. 


Fig. 120.—Bite-plates united with clamps. 


In using the Gysi Trubyte, Hanau (Model H), Acme or other 
articulator adapted to the use of the face-bow, the instrument is 
placed upon a level surface preparatory to adjusting and locating the 
casts. ‘The condyle shafts are pushed inward in equal amounts (this 
is very important) until they just fit the studs on the articulator pro- 
vided for their reception. The face-bow is then adjusted in such rela- 
tion to the upper bow of the articulator that the center of the front 
edge of the bite-rim is on a level with the pin (provided for this purpose 
with the instrument) which has been pushed through the hole in the 
incisal guide rod of the Gysi articulator, or on a level with a groove 
made for this purpose in the incisal guide pin of the Hanau instrument. 
The Hanau face-bow provides an upright pin and clamp for holding 
the bow in this position (Fig. 121). The upper cast may now be 
placed in position in its bite-plate and attached to the articulator with 
plaster. When this has hardened, the face-bow may be detached from 
the stem of the semicircular plate, the articulator turned upside down, 
the lower cast put in its bite-plate and attached by plaster to the lower 
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bow or plate of the articulator. (Figs. 122 and 123.) This technic may 
be varied in accordance with a method described later. These measures 


Fig. 121.—Upper cast adjusted to articulator. 


not only result in placing the casts in correct relation with the joint 
mechanisms of the instrument, but suitably orient them and the 
occlusal plane of the bite-plates between the bows of the articulator. 


~~ 


Fic. 122.—Upper cast mounted. 


A slightly different technic is employed with the Wadsworth instru- 
ment, which, it will be remembered, provides for an adjustment of the 
intercondylar distance to the indications of the case in hand. Also a 
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different means is employed in orienting the plane of the bite-plates 
and casts. After the face-bow has been adjusted to the face as described 


Fig. 123.—Both casts mounted. 


Fig. 124.—The Wadsworth ‘‘T”’ attachment. 


in a preceding paragraph, a “I” attachment is arranged as shown in 
Fig. 124, with its horizontal portion bisecting the triangle whose 
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angles are located at the corner of the eye, the nasal fossa and the con- 
dyle head respectively, and attached to the bow by a clamp. The 


Fig. 126.—Adjusting articulator in relation to face bow records. 


vertical portion of the “T”’ attachment then assumes a position parallel 
to the facial line. When transferring this to the articulator, the end 
of the “T”’ attachment rests on the table, supporting the casts in what 


~ 
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Wadsworth believed to be a close approximation of their correct 
orientation with respect to the articulator. (Fig. 125.) 

To determine the intercondylar distance and record it upon the 
Wadsworth articulator, when the face-bow is removed the inside 
distance between the condyle shafts is measured with aruler. Allowing 
for a thickness of 3 inch for the tissues intervening between the skin 
surface with which each shaft was in contact and the center of the 
corresponding condyle, the true intercondylar distance is obtained by 
subtracting the allowance for each side or a total of 1 inch from the 
measurement obtained with the ruler, and the articulator condyle 
standards are adjusted in accordance therewith. 


SECURING RECORDS OF MANDIBULAR MOVEMENTS OR THEIR 
EQUIVALENTS IN JAW RELATIONS. 


Since the most important function of the articulator is to reproduce 
the mandibular movements or their equivalents of the patient for whom 
artificial dentures are being constructed, it now becomes necessary to 
secure the records which will enable the operator to make the correct 
adjustment of his instrument. As it is only those movements which 
the mandible can make while the teeth are in contact which have any- 
thing to do with articulation, and all others are of no interest or concern 
to the prosthetist, the records to be secured are few. It is only the 
paths of the mandibular condyles in the protrusive and lateral excur- 
sions of the lower jaw, the centers of rotation in lateral movements, 
and the extent and character of the lateral bodily movement of the 
mandible which are important in this connection. 

For some time it was believed that graphic records, made upon suita- 
ble recording surfaces by the use of measuring instruments actuated 
by the movement of the lower jaw, furnished the most satisfactory - 
means for the setting of the condyle paths of the articulator, but, as 
previously stated, their use has been superseded by a method in which 
records of the various relationships of the jaws are secured through the 


~ medium of the bite-plates in accordance with which the condyle paths 


of the articulator are adjusted. The principle involved in this method, 
which was first proposed by Christensen! in securing a record of the 
equivalent of the downward and forward paths of the condyles, is 
explained in the following paragraphs. (Fig. 127.) 

Downward and Forward Condylar Paths.—In the forward movement 
of the mandible of an individual with natural teeth during which the 
teeth preserve a sliding contact, the condyles can move downward 
and forward from their most distal position a distance of 4 to 5 mm., 
with 12 mm. as the probable maximum. This is the extent of this 
movement which is important in prosthetic work. The paths of the 
condyles may be considered as straight lines, since any variation there- 


1 Quarterly Circular, C. Ash and Sons, December, 1901, p. 409. 
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from cannot be detected and is, therefore, negligible, and practically 
all articulators represent them as such. Now if the beginning and end 
of a straight line are located in space, the line itself is then located. 
Since the beginning of these paths of the mechanical condyles of the 
instrument have been definitely located with respect to the casts in the 
identical position of the anatomical condyles in relation to the jaws 
themselves by the face-bow transfer, it only remains to locate their 
other end and to adjust the condyle path guides to extend between these 
two points. By locking the path guides in this position we have 
established on the instrument the means of reproducing the movements 
of the patient’s condyles in this direction. 
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Fig. 127.—Schematic drawing, showing relation of dentures in position of occlusion and 
in forward position of mandible. (Christensen.) 


After the casts have been mounted upon the articulator, the bite- 
plates are returned to the patient’s mouth with a small lump of wax 
upon the occlusal surface of the lower plate near the rear on each side. 
The patient is now instructed to protrude the lower jaw and to bring 
it up in this position until the plates touch in front. If grooves have 
been made on the occlusal surface of the upper rim, the wax is forced 
into them, and when removed from the mouth the bite-plates may be 
adjusted together in this relation, giving us a record of the jaw relations 
in the protruded bite. During this procedure the patient’s condyles 
have, of course, moved forward to the anterior end of their paths. If 
the bite-plates have been firmly fixed together by melted wax, staples 
or other means, they now furnish the means of adjusting the casts 
on the articulator to occupy the exact relations of the jaws in the pro- 
truded bite. The upper bite-plate is placéd in position upon its cast 
and held there firmly by melting wax around its edges. The portions 
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of the articulator which constitute the condyle path guides are loosened 
so they are free to move in any direction, and the lower cast may then 
be accurately fitted into its own bite-plate. When this is done, the 
mechanical condyles have naturally assumed the same relative positions 
as the anatomical condyles occupied in the protruded bite, or, in other 
words, they are at the anterior termination of their forward paths. 
It now remains only to securely lock these path guides in their present 
position. 

_ This principle which has been widely adopted for the registration of 
the protruded bite, has been extended to registration of lateral bites and 
the adjustment of articulators in accordance therewith to reproduce 
lateral movements. A more accurate technic has been developed and 
it is by far the most satisfactory means now at our disposal for deter- 
mining certain of the articulator registrations. Coupled with it as an 
essential check upon the registration of maxillo-mandibular relations, 
is the method introduced by Gysi of securing the so-called “gothic 
arch” tracing, which accurately indicates when the lower jaw is in the 
centric rest relation with both condyles returned to their most distal 
position. 


Fic. 128.—Bite-plates prepared for Gothic arch tracing. 


Securing Centric Occlusion by the Gysi Gothic Arch Tracing.!— When 
introduced some years ago, the primary purpose of this technic was to 
secure records for setting the rotation centers of the articulator, but 
as noted at the time, it also served as “‘an excellent help in securing the 
normal resting position of the mandible.” It is now relied upon as an 
absolute check upon centric occlusion. 

After the bite-plates have been fitted to correct occlusal relations, a 
pointed marker fitting in a tube and actuated by a spring, Is affixed 


1 The Dental Cosmos, vol. 52, p. 1 et seq. 
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to the labial surface of the upper bite-plate at the median line. It 
should project below the edge of the rim about 1 mm. A small metal 
plate is attached to the occlusal surface of the lower bite-rim as shown 
in Fig. 128. The upper surface of this is covered with a layer of black. 
carding wax, and the bite-plates returned to the patient’s mouth. (Fig. 
129.) Before doing this it is well to cover the bite-rims with taleum 
powder so they will slide readily, one upon the other. The patient is 
instructed to press the rims lightly into contact, and then to slide the 
lower jaw directly forward and back again. The jaw must then be 
moved into right lateral occlusion and back, and then to left lateral oc- 
clusion and back, taking pains to see that it is not protruded in these 


Fig. 129.—Bite-plates in patient’s mouth. 


movements. When this is carried out correctly, a figure resembling an — 
arrow head (Fig. 130) will have been scribed upon the wax, its forward 
outline being somewhat the form of a gothic arch. When the pointed 
marker rests at the apex of this arch (the point of the arrow) the con- 
dyles are both in their most distal position, and the marking is a safe 
guide as to centric occlusion. 

Securing Records of Frotruded and Lateral Bites.—For setting an 
adaptable articulator to reproduce mandibular movements in forward 
and lateral excursions, the technic has been well described by Russell 
W. Tench as follows:! 

“The making of records for the registration of the masticating move- 
ments of the mandible in an articulator is a relatively simple operation. 


1 Jour, Am, Dent. Assn., vol. 13, p. 1675. 
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It requires the interposing, successively, between the occlusion rims, 
of two or three small rolls of compound when the patient holds the 
mandible in the closed right lateral, closed left lateral and, if desired, 
in the incising position. | 

“Compound is used for these registration guides rather than wax, 
because it sets to solid rigid form, which does not change. Its range 
and time of setting is greater than that of wax, and it is susceptible of 
more definite manipulation to control its hardness. 

““The precautions to be observed in the technic are: (1) To see that 
the patient registers a true lateral position imprint without any pro- 
trusion component being introduced (the Gysi arrow point tracing is 
ideal for guidance in this operation) ; (2) to secure these records without 
exertion of enough force to unseat the registration plates. 


Fic. 130.—Gothic arch tracing on bite-plate. 


“The method of securing the lateral bite registration consists in 
introducing a small roll of compound between the occlusion rims, then 
requiring the patient to shift the mandible to the right or left lateral 
position and when the tracing pin, by its relation above the gothic 
arch, indicates a true lateral occlusion position of about 5 mm., the 
patient is directed to close straight upward. The compound at this 
time should be only slightly resistant to pressure. The patient is 
directed to exert a small amount of pressure on the masticating side 
only; and to make no pressure on the balancing side. Both right and 
left lateral registrations are taken in the same manner. 

“The protrusive relation of the mandible is recorded by requiring 
the patient to close upon a small roll of compound when the protrusive 
position of about 5 mm. is reached. It is advisable to register this 
relation with the anterior edges of the occlusion rims separated about 
2.5 mm. or the equivalent of an average depth of over-bite. 
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“Following the registration of the protrusive and lateral occlusion 
contact positions, a face-bow record is taken. This is accomplished 
by covering the prongs of a Hanau face-bow mouthpiece, both top 
and bottom, with a mass of compound a little less than 10 mm. in 
_ diameter. When this has become set, the mass is introduced into the 
patient’s mouth, between the occlusion rims. In this position, the 
patient is caused to close upon it so that a clean imprint of the occlusal 
surface of the maxillary rim is produced in the surface of the roll. 
When the compound has hardened, the face-bow is slipped onto the 
stem and the adapters are introduced into the external auditory meatus 
of the patient, locked at equal positions right and left, then lifted 
upward and forward into gentle contact with the top and front of the 
auditory canals. In this position, the face-bow lock nut is set tight. 
The face-bow is now removed. 

“Right and left bite-lock impressions are taken in compound. The 
occlusion rims are to be in central occlusion position at this time. 

“In setting the casts of the edentulous mouth into the articulator, 
the usual procedure is followed. The occlusal surface of the maxillary 
rim may be mounted parallel to the mandibular arm of the articulator. 

“The mandibular cast is attached with sticky wax to the mandibular 
occlusion registration plate, and the two registration plates are fastened 
to one another in central occlusion by means of the bite-lock impressions 
and sticky wax. 

“When the mounting of the casts is complete, the recording of the 
mandibular movements commences. The left lateral position registra- 
tion is set between the occlusion rims, and the articulator mechanism 
is adjusted and locked so that the maxillary occlusion rim fits accurately 
into the imprint in the lateral registration form when this form is seated 
accurately on the mandibular occlusion rim. 

“This operation is repeated for the right occlusion registration. 

“Occasionally, it is found that the protrusive registration will require 
a different adjustment of the descending movement control from the 
lateral registration. The protrusive record is taken to determine 
whether this is so. If a difference in setting is indicated, the articulator 
is reset so as to produce the proper descending movement inclination 
when the articulation of the teeth is being inspected in, or perfected to, 
protrusive relations.”’ 

The only instruments at present available in which these registrations 
can be accurately made are the Hanau kinoscope (a somewhat more 
adaptable instrument than his Model H) and the Gysi Trubyte 
Articulator. 

Hanau advises the use of protrusive bite-records for setting the con- 
dyle slants of his Model H device, and recommends setting the condyle 
standards to provide for the Bennett movement according to an 
experimental formula which need not be given here. | 

Securing Records Used in Setting the Gysi Trubyte Articulator. — Utiliz- 
ing a principle which has been described by Norman S. Essig and 


es 
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Alexander H. Paterson,! by which bite-plates carrying abrasives on 
their occlusal surfaces may be ground in the patient’s mouth to curves 
providing contact relations, and employing other principles previously 
described, the Gysi instrument may be accurately set according to the 
following technic: 

After the bite-plates have been trimmed and contoured to meet the 
esthetic and occlusal requirements of the case in hand, a shallow furrow 
is cut in the occlusal surface of each rim, leaving a narrow margin 
around the periphery (Fig. 131). This furrow is then filled with a 
mixture of equal parts of sand and plaster, or carborundum powder 
and plaster, and leveled off to a height of about 1 mm. above the original 
surface. When the plaster has hardened, the bite-plates are returned 
to the patient’s mouth and he is requested to carry through the move- 
ments of mastication, sliding the bite-rims one upon the other. The 
abrasive incorporated with the plaster causes these bite-rims_ to 


Fig. 131.—Bite-plate prepared for grinding in mouth. 


gradually assume a curvature which permits an uninterrupted sliding 
contact between the plates in all of these jaw movements. ‘To effec- 
tively accomplish this result, the bite-plates must be securely retained 
in place during the procedure. 

The upper case may now be mounted upon the articulator by means 
of the face-bow, in accordance with the technic already described, 
after which the upper bite-plate is removed and preparations are made 
to secure the Gysi gothic arch tracing by the method given above. 
When this has been done, the bite-plates are locked together in centric 
occlusion, and the lower cast is now mounted upon the articulator in 
the usual manner. 

With the bite-rims now ground to contact in the various positions 
of the mandible, and the gothic arch tracing completed, the lock-nuts 
controlling the adjustable condyle path guides of the articulator are 


1 The Dental Cosmos, vol. 65, p. 679. 
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released, and the lower cast is moved into the left lateral position fol- 
lowing the arch tracing, and the bite-rims are pressed close together. 
In the execution of this movement, it will be found that the right con- 
dyle path guide has assumed a certain position or slant, and if locked 
in this position, it now reproduces the condyle path on that side. This 
procedure is repeated on the other side and the left condyle path guide 
correctly set. During these adjustments the incisal rod guide plane 
is moved so it does not interfere, as, of course, it is not concerned with 
these registrations. 


Fic. 132.—Adjustment of Gysi articulator to condyle paths by means of compound 
record of forward bite. 


The bite-plates may now be returned to the mouth and lateral bites 
taken with rolls of modeling compound or wax as previously described. 
A protruded bite should also be taken to check with the registrations 
already recorded on the instrument. (Fig. 132.) In taking the lateral 
bites it is important to prevent any protrusive movements and the 
use of the gothic arch tracing to avoid this must be borne in mind. 
We are now ready to adjust the articulator to these records. 

With the bite-plates carefully seated in position on the casts, the 
right lateral bite record is put in place and the lower bite-rim fitted to it. 
On the incisal guide plane are two adjustable plates which determine 
the movement of the incisal guide rod and fix the rotation centers 
of the mandible. 


 —_—e 
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Fic. 134,—Adjustment of Gysi articulator by left lateral bite. 
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In the center of the axis running through the condyles of the articu- 
lator is a circular plate with a roller bearing in its center, and upon this 
circular plate are located two adjustable segments which control what 
is known as the “Bennett movement” of the articulator. 

Having the bite-plates in the articulator with the right lateral bite- 
record in position, the adjustable segment on the incisal rod guide plane 
on the right side is then moved into contact with the incisor pin and 
locked with the lock-nut, at the same time the adjustable segment on 
the left side of the circular plate controlling the Bennett movement, is 
brought into contact with the roller bearing and fastened by the 
lock-nut. (Fig. 133.) 

The right lateral check bite is now removed and replaced with the 

left lateral check bite. 

__ The bite-plates are now carefully adjusted in the left lateral bite, 
the adjustable segment on the left side of the incisor plate is then 
brought into contact with the incisal guide rod and locked with the 
lock-nut and the adjustable segment right (or reverse) side of the 
Bennett movement brought into contact with the roller bearing and 
the lock-nut fastened. (Fig. 134.) 

If this technic is carried out accurately, the articulator will then be 
correctly adjusted for all movements of the individual jaw in question. 

There now only remains the adjustment of the angle of the incisal 
rod guide plane, but as this is determined after the teeth have been 
selected, reference will be made thereto in Chapter VII. 


CHAPTER VI. 


THE PRINCIPLES UNDERLYING THE RETENTION OF 
FULL-PLATE DENTURES. 


By CHARLES R. TURNER, D.D3S., M.D. 


BEFORE undertaking the design and construction of an artificial 
denture as regards its fulfilment of esthetic and functional require- 
_ ments, it is necessary that an important fundamental mechanical 
demand upon it be satisfied. It is obviously essential that the denture 
shall be provided with a base of support that will be adequate to with- 
stand the mechanical stress brought to bear upon it in use. Its support 
must be sufficient to resist the pressure applied in the crushing of the 
various kinds of foods. This resistance must be offered by the tissues 
upon which the denture rests without occasioning discomfort to the 
patient, and without being followed by retrogressive or pathological 
changes in the tissues furnishing the support. Furthermore, an essen- 
tial condition to the satisfactory use of a denture is that it shall be 
firmly and stably maintained upon and in proper relation to its base 
of support. If it becomes dislodged, it cannot be used by the patient 
until it is again brought into its proper place. Its utility is seriously 
impaired if it is easily displaced; on the other hand, the more firmly 
it is retained 7m situ during use, the more effective its service to the 
patient will be. Arrangement for adequate support for the denture, 
and provision for its retention upon that base of support constitute 
separate problems and should be regarded as such. They involve 
two basic demands, which in point of time should receive considera- 
tion prior to all others in any systematic plan of denture design and 
construction. 

Devices to replace natural teeth in the mouth derive their support 
from two sources—natural teeth or roots, and the mucous membrane 
covering the maxille and mandible. According to the source of this 
support, such prosthetic appliances are divided into the following 
classes: 

1. Crowns—supported upon natural roots. 

2. Bridge dentures. 

A. Fixed—supported upon natural roots. 
B. Removable. 
(a) Supported wholly upon natural roots. — 
(b) Supported both by natural roots and mucous 
membrane. 
(201 ) 
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3. Partial plate dentures. 

A. Supported upon mucous membrane and retained by 
attachment to roots or natural teeth. 

B. Supported by both mucous membrane, and roots or teeth— 
retained by attachment to roots or teeth. 

(. Supported by mucous membrane—retained independent of 
attachment to natural teeth. 

4. Full-plate dentures—supported by mucous membrane and re- 

tained by various methods. 

The first two of these classes constitute so distinct a branch of pros- 
thetic practice and involve principles of retention and support so 
peculiar to themselves, that they will be considered separately in 
succeeding chapters (XV and XVI). Partial dentures retained through 
attachment to natural teeth will be covered in Chapter IX. The 
present chapter deals only with full-plate dentures and partial dentures 
retained by means other than attachment to natural teeth. | 

Support for Plate Dentures.—The mucous membrane covering the 
maxille and mandible is normally firm, resistant and comparatively 
insensitive. It affords to a carefully adapted base-plate upon which 
are mounted artificial teeth, sufficient support to withstand the force 
exerted in mastication, provided the base-plate area is adequately 
proportioned to the number of teeth it carries and hence to the stress 
which devolves upon it in use. Under these conditions the support is 
afforded by the membrane without protest, and the underlying bony 
framework stands up under this unaccustomed pressure with very 
little if any retrogressive change. When dentures are first placed in 
the mouth, there may be evidence of a slight reaction on the part of 
the mucous membrane, though usually this is absent. Within a short 
time, the membrane develops a tolerance to the presence of a plate 
upon its surface, and if proper hygienic measures are followed to keep 
the plate clean and free from bacterial growth, fermenting food, etc., 
the membrane continues to exhibit an entirely satisfactory state of 
health. Lack of proper care of the denture, an imperfectly adapted 
base-plate, unevenly balanced articulation of the teeth, and great 
stress brought upon the plate by opposing firmly fixed natural teeth, 
all will stimulate retrogressive changes in the bony frame work. A — 
frequently observed example of the influence of the last factor may be 
cited. A full upper denture is sometimes required for a mouth in which 
the natural lower anterior teeth remain. Unless a partial lower to 
restore the distal lower teeth is inserted, the whole force of occlusion is 
directed upon the anterior segment of the alveolar process under the 
upper plate, and resorption of the bone ensues from the local mechanical 
stimulation. The eventual result is an alveolar ridge, flattened when 
the natural teeth have opposed it, and covered with a mass of spongy 
soft tissue, but relatively unchanged under the distal parts of the plate. 
Such a condition is unfavorable for the stable retention of the denture 
and renders the adjustment of a future one more difficult. 
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For full dentures, upper or lower, there is usually sufficient surface 
for inclusion in the base-plate area to satisfy the demands of adequacy. 
Under a properly designed plate less change actually occurs than if the 
patient went without an artificial denture. It is a fact of common 
observation that resorption progresses more rapidly if no plate is worn, 
a fact attributable no doubt to mechanical stimulation through the 
crushing of hard foods between the alveolar surfaces themselves. 

Partial dentures deriving their support from mucous membrane 
alone are more difficult to provide with sufficient base-plate area. In 
many cases of this type where the possibility exists, adjunctive support 
should be furnished by natural teeth through the use of occlusal rests 
or devices having the same effect. For a full discussion of this matter, 
the reader is referred to the chapter on Partial Denture Design. 

As the satisfactory use of a denture for purposes of mastication 
depends upon its maintenance in position upon its supporting base, 
or, in other words, upon its retention, we shall now consider this phase 
of the subject. 


THE RETENTION OF FULL-PLATE DENTURES. 


In the sense in which it is used in this chapter, the term “retention” 
includes the utilization of all the various factors which have a favorable 
influence upon, and the avoidance or elimination as far as possible of 
all factors which have an adverse effect upon plate stability. In the 
beginning of our discussion, it is well to point out that this is not simply 
a problem for the dentist alone, but that a portion of the responsibility 
rests upon the patient. The retention of a plate denture involves one 
or both of two things. The first is a purely mechanical consideration— 
the use of some physical means to this end, which belongs in the 
province of the dentist. The second is dependent upon the patient 
and involves such coérdination of the movements of the muscles of the 
mouth and jaws as will serve to maintain the plate and not displace it. 

The dentist has at his command certain measures which he may 
institute, and it is his duty to utilize them to the fullest extent to which 
they will be serviceable. In many cases these are so effective as to 
require almost no assistance on the part of the patient. On the other 
hand, there are cases presenting mouth conditions which in themselves 
are so unfavorable for retention, that even the most skilfully con- 
structed dentures will not exhibit adequate stability. In such instances 
the patient must supply whatever may be needed to overcome the 
natural disabilities of the case. In every instance something will be 
required of the patient, for it must be realized that an artificial denture 
is but a substitute for the missing tissues, and even under the most 
advantageous circumstances, the patient must learn to use this sub- 
stitute in the manner in which such an appliance can be used. 

It is almost never the case that when a plate denture is first inserted, 
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the patient can at once eat with facility. The masticatory movements 
employed with the natural denture do not succeed so well with the — 
artificial. The teeth are not firmly rooted in the jaws; they are 
mounted upon a less steady base which has to be maintained in place 
to be serviceable. The patient must develop a new method of mastica- 
tion, one which is suited to the new condition. 

Patients must learn to manipulate the food between the teeth, and 
to apply the force used in crushing it by such movements of the 
mandible as will tend to keep the dentures in place. This is often 
done by chewing on both sides simultaneously, and by using only the 
up and down motions of the mandible. A large number of full upper 
and lower dentures now in service admit of no other method of use, 
because of the form and positions of the teeth. It will be seen in a 
succeeding chapter that the teeth should be shaped and placed with a 
view of making possible the lateral movements of the mandible, which 
give more effective masticative results, and patients may thus acquire 
masticatory habits of greater utility. 

Patients may often materially aid the retention of an upper plate 
denture by grasping its sides with the muscles of the lips and cheeks, 
and by manipulating the tongue to hold it or press it in place. These 
structures are susceptible of considerable education, for instances are 
of common occurrence in which the original physical means of retention 
have been rendered inoperative through alveolar resorption, and the 
patient has been forced to develop the use of this means to keep the 
plate in place. This factor doubtless operates to some extent in all 
cases. At times it may be desirable to make special provision to take 
advantage of this assistance, by making a rim-like projection around 
the buccal and labial margins of dentures to assist the tissues in securing — 
a grasp upon the plate. In some cases in which the natural conditions 
of the upper jaw are unfavorable to firm plate’ retention, it is possible 
to extend this principle to the point of making decided projections 
on the buccal surface of the plate. The author has obtained a very 
satisfactory result from the use of this measure in a case of syphilitic 
necrosis, in which one of the antra was perforated, the entire alveolar 
process having been lost and the roof of the mouth being almost a plane 
surface. The use of springs in this case seemed inadvisable because all 
of the lower teeth remained intact. A vulcanite plate was made with 
a projection in the buccal region which avoided the anterior margin of 
the masseter muscle and which fitted into a depression in the cheek 
located above the position of the risorius muscle. The patient’s cheek 
was somewhat distended by the appliance, but in the course of time a 
marked depression was made in the muscular structures of the cheek, 
and the patient learned to maintain the denture satisfactorily in place. - 

There can be no doubt that the cheeks, lip and tongue muscles 
have much to do with the holding of a full lower denture in place. 
Some lower dentures exhibit considerable adhesion, and of course the 
force of gravity is a favoring item, but generally speaking, lower 
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dentures are not so stably retained as upper ones, and require more 
effort on the part of the patient. 

In the case of lower dentures it is always advisable to so form 
them that they do not encroach upon the space ordinarily occupied 
by the tongue. Ina case in which, by reason of resorption of the upper 
alveolar process, it is necessary to have a lower plate narrow from side 
to side in order that the teeth may articulate, it is advisable to make its 
lingual surface slightly concave; the tongue will not only fit into this 
space, but may, in a measure, assist in maintaining the plate in place by 
grasping the lower edge of the lingual surface. The extension of the 
distal portion of a lower plate lingually to produce a projection which 
may be grasped by the tongue has been recommended.! Where this 
extension would not seriously interfere with the movement of the 
tongue, and where in addition the tongue could obviously take advan- 
tage of the extension for the purpose indicated, it may be an advisable 
procedure. 

In lower cases where retention of the plate promises to be difficult, 
and particularly where no form of partial denture has previously been 
worn, it is sometimes advisable to permit a tooth or teeth to remain, 
even when it is evident they will last but a short time. These are of 
great service in staying the plate and in keeping it in place upon the 
alveolar ridge, and serve to tide patients over that first period during 
which they are getting accustomed to the use of the appliance. Such 
teeth, of course, should be carefully preserved when they may be 
clasped and made of more permanent service, but reference here is 
made to those teeth only whose retention can be expected for a short 
time at best. It is impossible to estimate the value of this procedure 
to some patients, who, after having become accustomed to the use of 
the plate with the assistance of the natural teeth to maintain it, readily 
acquire the use of a full plate when the natural teeth are lost. | 

It should be carefully explained to a patient for whom full-plate 
dentures. are made that the dentist can only make the plates retentive 
to the extent to which the conditions of the mouth permit. The 
former should be made to understand the nature and extent of his 
responsibility in acquiring the use of the dentures, and should be 
prepared to undertake the same. It is but a matter of simple justice 
to the dentist that this be done. On the other hand, the dentist 
must have done all within his power to provide for the plate’s stability, 
and he has no right to pass over to the patient a handicap as the result 
of his own lack of knowledge or skill. 


PHYSICAL FORCES INVOLVED IN PLATE DENTURE RETENTION. 


The purely physical factors which influence the retention of a plate 
denture are as follows: } 
1. Certain purely physical forces. 
1 Dental Cosmos, vol., 38, p. 41. 
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2. Correct plate outline and contours. 

3. Correct occlusion and articulation of the artificial teeth. 

The last two items are of great importance but they may be said to 
be partly negative in character because their determination in this 
connection must be so made that they have no adverse influence upon 
the plate’s stability, but contribute directly to it. 

Plate outlines and contours will be discussed in other portions of this 
volume, but their significance in the present relation will be considered 
later in this chapter. ‘The methods of setting the teeth to best promote 
plate retention are given in detail in a succeeding chapter. Suffice it 
to say at this point that they must be arranged to receive the force of 
mastication in such direction as will not displace the dentures through 
leverage, but on the contrary, will serve to maintain them in situ. 
Briefly it may be stated that this is accomplished by setting them 
directly over the alveolar ridges, and by arranging for a balancing 
contact of the two sides during the various jaw movements. 

The purely physical forces which are utilized as positive means of 
retention are adhesion, atmospheric pressure and gravity. Adhesion 
operates in the case of both upper and lower dentures, atmospheric 
pressure is sometimes employed for upper dentures, and gravity 
assists in the maintenance of lower dentures only. 


FULL UPPER DENTURES. 


Adhesion.— This may be defined as the molecular attraction existing 
between the particles of two bodies whose surfaces are in contact. It 
acts between two solids whose surfaces accurately fit together, or 
between a solid and a liquid, ora solid anda gas. The force of adhesion 
is directly proportional to the area of the surfaces in contact, and it 
offers the greatest resistance to a force tending to separate these 
surfaces by acting at right angles to them. Contact of the surfaces is 
essential to the maintenance of the adhesion, since the moment they are 
separated, the adhesion is broken up. Adhesion is of value more or 
less in the retention of all plate dentures, full or partial, upper or 
lower. It is of particular service in the part which it plays in the 
retention of upper dentures. 

The retention of upper plates by this means presents a number of 
interesting points for consideration. The problem is to make a plate, 
covering the area contained within the plate outlines, which shall have 
the greatest adhesion, and hence offer the greatest resistance to a dis- 
placing force. Other things being equal, the plate area should be as 
large as possible, since the adhesion is proportional to this area. The 
area is limited solely by the necessity for not encroaching upon tissues 
whose movements would result in the displacement of the denture. 

The outlines and contours of a plate should not encroach upon tissues 
whose movement will result in unseating it. It is not always possible 
to avoid laying the plate outlines down upon areas not subject to some 
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motion; in fact, it is often desirable to extend them to such areas in 
order that they may rest upon relatively soft tissue. In such instances 
the end must justify the means, and the better adhesion thus secured, 
must fully counteract the adverse effect of the moving structures. 

For a full upper denture the boundaries of the plates should be as 
follows (Fig. 185): Beginning at the median line of the mouth, the 
plate outline should be placed low enough to avoid the frenum of the 
upper lip. It should then ascend into the incisive fossa below the line 
of reflection of the mucous membrane from the alveolar process to the 
lip, and over the canine eminence at a somewhat higher level, until it 
reaches the interspace anterior to the first bicuspid, when it descends to 
avoid the anterior margin of the buccinator muscle. It will be remem- 
bered that there are no muscular attachments to the maxilla in the 
incisive fossa and over the canine eminence, and, as this underlies a 
portion of the face which will require considerable support from the 


Fic. 135.—Conventional outline for full upper denture. 


denture, the plate outline may be carried proportionately higher 
here than elsewhere. From the anterior border of the buccinator, the 
boundary must be low enough to give full play to this muscle, and the 
several plicee or folds of the mucous membrane extending between the 
process and cheek, commonly observed in this region, must be avoided. 
When the tuberosity is reached, the plate outline may again ascend to 
a higher level, rounding it to reach the palatal vault. It must: be 
remembered that the anterior margin of the masseter muscle is about 
opposite the second molar tooth, so the plate contours in this region 
must avoid it. This description is intended to give the student the 
anatomical landmarks for the periphery of a full upper plate. The 
method of automatically molding the plate margins through the action 
of the muscular structures upon the edges of a modeling compound 
impression is described in the chapter on that subject and the reader 
is referred to Chapter III for details. 
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Besides giving a plate of the greatest possible area, another thing is 
accomplished by having the plate outline follow this course along the 
labial and buccal surfaces of the alveolar ridge. This provides for 
the exclusion of air around this part of the periphery of the plate, a 
condition which we have seen is necessary for adhesion. The lips 
and cheeks thus form curtains to cover the edge of the plate, and 
they constantly act as barriers to the ingress of air. So long as the 
lips and cheeks are closely applied to these portions of a denture, the 
plate may be pulled upon in front with considerable force without the 
admission of air at the margins and the consequent breaking up of its 
adhesion. This is especially true if the alveolar ridge is pronounced 
and has not been resorbed and the soft tissues are attached to it 
externally at a high level. It is generally known that the maxille 
most favorable to the stable retention of a plate denture, other things 
being equal, are those in which the alveolar process is well defined and 
which have a broad high vault. A high-pointed vault affords condi- 
tions less favorable for the secure attachment of a denture, because 
the plate more readily slides upon the slanting sides of the vault, 
the ordinary displacing tendency not acting at a right angle to such 
surfaces; while a flat mouth, in which the ridge has almost entirely - 
disappeared, is, of course, less favorable, because of the easy access of 
air to the plate edges. In proportion, however, as the tissues are 
attached at a high level on the buccal and labial surfaces and there has 
been small resorption of the ridge, is it possible to make retention 
secure. Closeness of the contact of these plate margins to the alve- 
olar ridge may be accentuated by measures to be discussed later. 

The posterior margin of the plate should be far enough forward to 
avoid any possible displacement caused by the movements of the soft 
palate. This line corresponds in some mouths with the end of the 
hard palate, while in others it is considerably anterior to this. The 
line of movement may be observed by having the patient open the 
mouth and pronounce the syllable ‘‘ah.” As this is the part of the 
periphery of the plate where it is most difficult to exclude the air, it is 
desirable to have the plate extend back until its margin is laid down 
on soft tissue and its contact therewith accentuated by suitable 
impression technic. It is also desirable to avoid contact of the plate 
margin with the distal end of the hard median ridge, although this is — 
not always possible. In cases of extreme difficulty it is, therefore, 
permissible to. have the plate outline slightly encroach upon the mova- 
ble area, so slightly, however, that the advantage obtained in the matter 
of the exclusion of air is not outweighed by the displacing influence of 
the palatal muscles. This advantage should be gained always where 
the softness of the alveolar process anteriorly permits a rocking of the 
plate and hence a displacement under stress in the rear. 

The adhesion of all full upper plates may be increased by accentua- 
ting the contact of their periphery with the mucous membrane. 
This is brought about in two ways: By the employment of a definite 
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technic in the use of modeling compound for the impression as described 
in Chapter III, and by modifying the cast secured from a plaster 
impression. A judicious alteration of the face of the cast to effect this 
purpose is not only permissible, but is indicated in cases for which the 
impression has been taken in plaster. It should be done as follows: 
The cast should be compared with the mouth and the plate outline 
drawn upon it as described above. Then the tissue underlying the 
periphery of the proposed plate should be carefully examined digitally 
to estimate its compressibility. This is to determine how much it 
may be safely compressed by the margin of the plate. In some mouths 
the mucous membrane around the buccal and labial alveolar walls is 
so dense, or thin, or closely adherent to the underlying bone, that it 


A B 


Fig. 136.—A, full upper cast showing hard areas heavily shaded and soft areas lightly 
shaded; B, full upper cast showing hard median ridge, with lines drawn to show sizes of 
three layers of tin-foil to be added for purposes of retention. 


will bear only slight compression, while in others it is soft and may be 
compressed perceptibly without protest. ‘The cast (Fig. 136), should 
be slightly scraped along these corresponding areas, so that when the 
plate has been formed upon it, or upon a die made from it, the contact 
of the plate margins will be accentuated. The amount to be removed 
from the cast is slight even in cases requiring the greatest alteration, 
and around the buccal and labial walls never exceeds zj> to zy 
inch in thickness. Across the palatal vault at the posterior margin 
a greater amount may be removed. ‘This, of course, is with the excep- 
tion that the hard median ridge must not be pressed upon unduly by 
the plate, and it is best not to scrape the cast at this point when the 
ridge is included in the outline. 

At one time it was the custom to raise a well-defined bead around the 
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periphery of a plate by cutting a shallow groove in the cast just inside 
the plate outline, but with the development of an impression technic 
to accomplish an accentuation of marginal contact it is now seldom 
employed. 

The rationale of the action of this measure in maintaining adhesion 
is as follows: The plate is drawn into place by pressure, and by the 
withdrawal of the air beneath its surface through suction produced by 
the tongue and throat muscles. When all the air has been withdrawn 
and the plate adheres to the surface, the tissues around the periphery 
are slightly compressed. As they are elastic and tend to assume their 
normal position, they follow the margin of the plate as it is pressed 
away from them understress, and thus maintain fora greater time the con- 
tact of the margins. In the course of time under the continued pressure 
of the margins, the tissue underlying them becomes resorbed, and this 
elasticity is lost, but the plate margins are then slightly imbedded in the 
membrane and the ingress of air is more difficult. It must be under- 
stood that the plate should press but slightly more around its periphery 
than elsewhere, and it is not desired to make such alterations in the cast 
that the plate covering the other portions of the mouth is held off by 
the contact of its periphery. This would make a vacuum-chamber of 
the whole plate, a result not to be desired. Nor is it advisable to 
accentuate this marginal contact to such an extent that the tissues 
underlying the margin are compressed beyond their tolerance. ‘This 
sometimes happens in the taking of impressions with modeling com- 
pound through too zealous a desire to obtain good retention. ‘The 
plate when first inserted exhibits remarkable adhesion, but in a few 
days irritation of the tissues thus compressed demands a relief of the 
marginal pressure. 

The adhesion between a plate Fae the mucous membrane would be 
a comparatively simple matter if they were two flat and unyielding 
surfaces. As it is, the surfaces are irregular, and one, that of the 
mucous membrane, offers varying resistance to pressure over the differ- 
ent portions of its surface. ‘This, of course, is due to both the density of 
the membrane and to the amount of tissue intervening between it and 
the bone. The skeletal foundation is hard and resistant, but the 
membrane varies normally in density, and in abnormal conditions this 
variation is even more striking. 

In a vast majority of mouths the median’line of the upper jaw pre- 
sents a hard ridge, which is due to the close adhesion of the overlying 
tissue to the suture between the two maxillary bones, which extends 
some distance forward as shown in Fig. 136, A. The alveolar ridge 
is normally much less resistant and its soft tissues are less adherent 
to the bone. On each side of the median suture the areas which occupy 
the posterior half of the vault are softer than any other portions of the 
jaw. ‘This distribution of the resistance of the tissues which is typical 
of that found in most cases, is often varied, and it will be seen that there 
is never an equal resistance to the pressure exerted upon a plate over 
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the whole area covered by it, even in mouths which are most favorable 
for the use of a plate denture. 

In about 1 per cent of upper jaws there is a fissure instead of a ridge 
along the median line, and in others this part of the mouth is the seat 
of a hard bony elevation.! 

While the whole area covered by the plate is more or less compres- 
sible, the soft underlying areas are the most so, and it will be noted 
that when pressure is applied to a plate made over a cast made from 
a plaster impression and accurately fitting the surface, it will bear 
harder upon the inelastic areas and may rock upon them. Thus pres- 
sure applied alternately upon the plate at the sites of the molar and 
bicuspid teeth will cause it to rock upon the hard median ridge, and if 
the tissues on one side are compressed until the other side is detached 
from the membrane, the plate will drop. It is evident that this 
should be prevented if possible. | 
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Fig. 137.—Diagram illustrating leverage upon Fic. 138.—Diagram illustrating 
incisors. leverage upon molars. 


Let us consider the direction of the force usually applied to an upper 
denture and those forces which tend to displace it. During the use of 
the plate the force of mastication is applied to it along the arch of the 
teeth, and, as these are approximately over the alveolar ridge or to its 
labial or buccal side, the ridge itself is the portion of the jaw which 
receives the pressure of mastication. If the force were applied to the 
plate along the whole line of the teeth uniformly at all times, as it is 
when the teeth are in close occlusion, the plate would be firmly pressed 
into place. But it constantly varies in distribution, amount, and direc- 
tion, according to the position of the food between the teeth. The 
pressure received upon the incisors tends by leverage over the process 
in front to displace the rear of the plate (Fig. 137), while that upon the 
molars and bicuspids tends to depress the opposite side by leverage 
(Fig. 138). It is evident that an advantage would be gained if the 
tissues were uniformly compressible, but this condition never exists. 
However, if the pressure of the plate upon the hard areas is relieved, 
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and it is not permitted to bear upon them under force until the soft 
tissues have been compressed into a like resistance, the same object 
will be accomplished. It is possible to construct a plate which will 
do this. 

As outlined in the chapter on Impressions, a cast obtained from a 
modeling compound impression properly taken, represents the soft 
areas of the jaw as being compressed and in this manner the desired 
equilibrium of resistance may be established. Other methods are 
necessary when plaster alone is used for the impression, and the 
most satisfactory way to effect the desired result is by making 
addition at the site of the hard areas to the cast upon which the 
plate is to be made. A cast made from a plaster impression, which 
accurately represents the hard and soft areas alike, no compression 
of the latter having occurred in securing the impression, is compared 
with the mouth, and the hard areas, having been located by a careful 
digital examination, are relieved on the cast by additions to its sur- 
face. When the plate is to be made directly upon the cast, as in 
vuleanite work, the additions may be most exactly made of layers 
of tin-foil No. 60, cut to size, and laid on to the necessary thickness, 
usually about three layers being required. ‘These are made to adhere 
with liquid silex. Ona cast to be used as a model for a die, wax may 
be used for this purpose. The standard of compressibility ought to be 
the normal alveolar ridge upon which the tissues are healthy and sup- 
ported by bone. The hardest areas are to be covered most thickly, 
that along the median line in an upper jaw being usually the one 
requiring most attention. Bony tuberosities in the median line, 
as in Fig. 136, B, or those located elsewhere should always be relieved 
in this way. Some operators prefer to accomplish this end by scraping 
from the impression at these points, but this does not seem so desirable 
a procedure, for the reason that it is more difficult to judge of the 
amount taken from a surface than of that added to a surface, par- 
ticularly inasmuch as in the method above described the thickness 
of the additions may be always measured. 

As there are areas harder than our standard of compressibility, so 
there are areas softer, but these do not concern us except as they are 
located at places at which the force of mastication is received. ‘The 
soft area in the posterior third of the vault on either side of the median 
line does not need any ‘compression by the ordinary plate, although 
the contact of the edge of the plate therewith should be accentuated. 
The alveolar ridge itself is quite soft in some cases, the tissues being 
spongy and flabby and easily compressible (Fig. 139). ‘This condition 
frequently results where the teeth have been lost through pyorrhea 
alveolaris, the alveolar process having been considerably resorbed 
before the teeth are finally lost, leaving a very low ridge covered with 
a thick mass of soft tissue. . 

It is evident that it is a serious disadvantage to have soft compres- 
sible tissues underlying the plate at the very position at which the force 
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of mastication is received, and it is in these cases that it is most difficult 
to obtain firm retention. ‘The soft tissues yield under pressure, per- 
mitting the plate to bear upon the harder portions of the vault with a 
consequent tilting and dropping. 

The measures usually employed to combat this condition are the 
alteration of the face of a cast which accurately represents the hard 
and soft tissues in their normal relation, or the taking of an impression 
of the jaw with some material requiring force in its application which 
shall compress the soft tissues and thus yield a cast with these tissues 
compressed as they should be under the plate. In the first of these 
measures the cast is scraped or carved at portions corresponding to the 
soft areas with a view to representing them as compressed under the | 
plate. This requires much judgment, and is generally a dangerous 
thing to undertake, but with care a satisfactory result may be obtained 
in cases in which only the alveolar ridge or certain parts of it are soft. 


Fic. 139.—Very flat upper jaw in which plate retention is difficult. 


The cast is compared to the tissues and. the carving done only after a 
careful estimate of the amount to be removed. 

The methods of taking the impression to obtain a cast representing 
the soft tissues compressed are described in Chapter III. It must be 
remembered that in addition to compressing the soft structures of the 
ridge, there is danger of also displacing them, and this must be guarded 
against, or must be remedied by an alteration of the cast. The soft 
eum tissue is pressed outward as the impression material is carried home, 
and the cast must be slightly scraped on the buccal or labial aspect of 
this soft portion of the ridge. Each of these measures is open to the 
objection of inaccuracy, but a full recognition of the danger which 
might result from improper alteration of the cast and a careful exam- 
ination of the mouth in comparison with the cast and the making of 
alterations to accord therewith, will sometimes warrant the procedure. 
It is seldom possible to depend upon this measure as the only one to 
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promote the retention of the denture, and it must be supplemented 
in most instances by the addition of a vacuum-chamber, in cases of 
this type the retention is so difficult that advantage should be taken 
of every means to promote it. 

It has been recommended in very difficult cases of this character, in 
which the whole alveolar ridge is covered with a pendulous mass of 
soft tissue, that this be removed surgically under novocain anesthesia. 
This course is the indication where adhesion cannot be obtained without 
it, and it may be said that the adjustment of the plate will be simplified 
by such an operation. The procedureas advocated by Ruyl! is described 
by him as follows: “Instead of beginning at one side of the ridge and 
cutting entirely across to the other side, begin in the center of the soft 
tissue and cut on one side almost to the end, leaving only enough 
attachment to prevent the flap from dropping; then begin from the 
center again and cut entirely across to the other side. The flap will 
now be suspended by a small piece, which can easily be clipped off. 
By doing this we prevent the flaps from getting in the way while 
operating. In these cases healing takes place so rapidly that impres- — 
sions can be taken in a week or ten days.” 

The surgical preparation of the jaws at the time the teeth are 
extracted in order to reduce the time before an artificial denture may 
be inserted, and to provide a better base for the denture, has come 
somewhat into vogue in the past few years. The measures employed 
usually consist in reflecting the muco-periosteum with a periosteal 
elevator, starting at the crest of the alveolar ridge and fully exposing 
its summit, after which, with suitable surgical burs and chisels, the 
prominent septa are removed and the crest of the process somewhat 
reduced in height and rounded over to the form which the alveolar 
ridge would assume after the lapse of several months. The soft tissues 
are replaced and sutured together if necessary. By this means the 
period of waiting for the resorption to take place is avoided, and if the 
trimming has been well done, a very satisfactory base for the denture 
is secured. It undoubtedly materially shortens the time which must 
intervene before a denture can be inserted. 

Atmospheric Pressure.— Atmospheric pressure is utilized in the reten- 
tion of upper plate dentures by the partial exhaustion of the air from 
a space made for this purpose in the portion of the plate in relation 
with the mucous membrane. This space is known as the vacuum- 
chamber. The principle has been in use in dentistry for a long period 
of time, the first recorded instance of its use in the United States 
being that of W. H. Gilbert, a confectioner of Hartford, Conn., in 
1840. A vacuum-chamber of somewhat different form was patented 
by Dr. John A. Cleveland of Charleston, S. C., in 1850. 

The partial exhaustion of the air from the vacuum-chamber causes 
the pressure of the atmosphere upon the lingual surface of the plate to 
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sustain it in situ upon the jaw. The air is withdrawn from the cayity 
by the patient by the use of the tongue and throat muscles. A partial 
vacuum is created in the portion of the mouth just back of the plate and 
the air is drawn out from beneath it. ‘The vacuum can never, of course, 
be perfect and it is believed that in a large majority of cases the air in 
the chamber is only very slightly rarefied. 

The use of the vacuum-chamber principle has been the subject of 
considerable discussion in dentistry, some practitioners having great 
faith in its permanent utility, whereas others believe that its use is but 
temporary and uncertain, and consider its attendant disadvantages to 
greatly outweigh its usefulness. It is argued by the opponents of the 
principle that in the course of time the mucous membrane is drawn into 
the depression in the plate, thus wholly or partially obliterating it, and 
in consequence destroying the utility of the device. They also argue 
- that the irritation of the soft tissues caused by the pressure of the edge 
of the vacuum-chamber and that occurring over the area covered by 
the chamber, are serious drawbacks to its use. 

The advocates of this principle maintain that in the beginning the 
adhesion of all upper plate dentures is increased by the use of the cham- 
ber; that, even if it is of only temporary utility, the stability of the 
denture thus acquired tides the patient over the period in which he or 
she is getting accustomed to the appliance. They also argue that, 
despite the drawing of the mucous membrane into the space, this 
cavity is never completely filled, and it is always possible to get some 
pressure from the atmosphere in consequence. ‘They further add 
that a space located over the areas ordinarily hard in most mouths 
produces a relief of the pressure of the plate at these points. 

The vacuum-chamber has become too well-established a principle in 
dentistry to believe that it will ever be entirely abandoned. It proba- 
bly has a certain field of usefulness and this is gauged by a balancing 
of its evident advantages and disadvantages in favor of the former. It 
is safe to state that the present methods of impression taking have 
so greatly improved the retention of upper plates by adhesion alone, 
that there are comparatively few cases where the vacuum-chamber 1s 
indicated. ‘To obtain the most satisfactory results from its use, care- 
ful attention must be paid to the detail of its form and location, and to 
the avoidance of all measures which tend to emphasize its attendant 
disadvantages. | 

The following method of its location is quoted from Burchard: 
“The slight movement usual with a plate during mastication tends to 
separate it from the mucous membrane and permit the access of air 
to its under surface. 

“The line of least movement, as the movement is lateral, a rocking 
from side to side, is along the median line of the vault; and, as the 
concavity of the hard palate is usually of an irregular vault form, the 
point of least movement is near its apex. If the movement does not 
extend to an edge of the chamber, the stability of the plate is not 
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materially affected, but when one of these edges loses its contact, air 
enters the chamber and adhesion is destroyed. 

“The more closely the edges of the chamber approximate this line, 
the less tendency to disturbance there is, so that comparatively narrow 
chambers are to be preferred; but the depression should be of sufficient 
size to not materially lessen the effects of a partial vacuum. Naturally. 
the chamber should be in the area of greatest stability, that of least 
movement. ‘This area will be found around and about the center of 
gravity, and in shape resembling the outlines of the dental arch.”’ 


Fic. 140.—Cases with plate outline and form of vacuum-chamber marked upon them. 


There should be a general correspondence in the size of the vacuum- 
chamber, and the palatal vault and its outline should carefully follow 
the general outline of the alveolar ridge. It is desirable as far as pos- 
sible that the distal edges shall not be laid down in very soft tissue, nor 
' should the anterior edges impinge forcibly upon the ruge. Fig. 140 
illustrates the manner in which the form of the vacuum-chamber should 
correspond to that of the alveolar ridge. 

The vacuum-chamber should inclose within its area any hard bony 
elevation which may be found along the median line of the vault, pro- 
vided this would not carry the edges of the chamber too close to the 
posterior margin of the plate, or make the chamber unduly large. 
Where a chamber is to be used in a mouth with a hard median ridge, 
the form illustrated in Fig. 141, B, is recommended by many practi- 
tioners. ‘The edges of such a chamber are nearest to the line of least 
movement of the plate, and the hard median ridge is relieved. 

In order to be effective, the edges should be square but not sharp. 
Unless there is a positive contact between them and the mucous mem- 
brane, the air will readily obtain ingress into the partially exhausted 
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chamber. On the other hand, they should not be so sharp or promi- 
nent as to cause irritation of the membrane from pressure. ‘The sides 
of the chamber should extend in lines perpendicular to the tissue upon 
which the edges rest. 

The most serious evil consequences follow the use of chambers which 
are too deep or too large. It has been found by experience that in the 
softest mouths the air-chamber should be slightly deeper than in 
mouths with firm and resistant tissue. The vacuum-chamber for the 
soft mouth should not be approximately thicker than No. 14 (B. & 8.) 
gauge, while that for a hard mouth should not exceed gauge 16 in 
thickness. 


A B 


Fra. 141.—A, vacuum-chamber form fixed in position upon upper cast; B, long vacuum- 
chamber form for use in a mouth with long, hard median ridge. 


The vacuum-chamber will be found useful in all cases in which the 
anterior alveolar ridge is very soft, without a corresponding softness of 
the palatal vault and distal portions of the ridge. It may be used to 
advantage in very flat mouths of all sorts. It should be used in all 
temporary plates where the labial portion of the plate is omitted, the 
artificial teeth resting directly upon the gum. It is also of service in 
the retention of all partial upper dentures not held in place by means 
of clasps. 

To form the chamber in a vulcanite plate, any vacuum-chamber form 
cut out of chamber-metal may be applied to the cast. Chamber-metal 
consists of a sheet of lead with tin-foil on each side; thus it has the 
softness and pliability of lead, while its surface is protected from the 
action of sulphur in vulcanizing by the coating of tin. Having been 
cut to proper shape, the form is burnished to the surface of the cast and 
held in place by three pins’inserted, one at its apex and one at each of 
its distal corners. In the preparation of the cast as a model for a die, 
the air-chamber form is pressed into place and made to adhere by means 
of melted wax. The point of juncture of the periphery of the vacuum- 
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chamber form and the cast should be so distinct that, when the plate 


is produced, this edge representing the edge of the vacuum-chamber 
will be well defined. 


THE RETENTION OF FULL LOWER DENTURES. 


Full lower dentures present a more difficult problem to the prosthetist 
in regard to their retention than do full upper ones. They are retained 
partly by their weight and by adhesion to the mucous membrane, but 
in many case these physical forces do not provide satisfactory main- 
tenance, and the patient must furnish supplementary aid through the 
muscular structures of the lips, cheeks and tongue. 

Adhesion.—Since the development of the modeling compound technic 
for impression taking it has been possible to endow lower plates with a 
degree of adhesion formerly thought impossible, and in favorable cases 
the adhesion is so strong as to compare favorably with that possible in 
upper dentures. The fact that the base-plate area is ‘so much smaller - 
than in upper plates, and that its margins are not so effectively pro- 
tected against the ingress of air by the lips and cheeks, and the further 
fact that the alveolar ridge is relatively much less prominent in the 
lower jaw, make adhesion more difficult to secure. Furthermore, the 
tissue covering to the mandible in relation with the buccal and labial 
margins of the denture is thin and intimately attached to the bone, 
so accentuation of the marginal contact cannot be so effectively carried 
out. The actual height of the alveolar ridge is usually much less 
than in the upper jaw, which constitutes another less favorable item in 
the problem. 

In developing the maximum adhesion for a full lower plate, it is 
necessary to study carefully the location of the plate margins. Follow- 
ing the basic principle that these must be laid down in areas which are 
not subject to movement from muscular contraction, the plate outline 
must be located with regard to certain anatomical landmarks. Around 
the labial and buccal borders and starting at the median line, the 
attachment of the levator labii inferioris is to be avoided; then the 
depressor anguli oris, platysma and buccinator come in the order 
named; though the last.is the only one attached near the plate margin. 
In this buccal region there are generally folds of mucous membrane 
extending from cheek to process which must be avoided as they are 
stretched by the cheek muscles and may impinge upon the denture’s 
margins. 3 

As the posterior termination of the lower plate is reached the plate 
outline should extend as far into the soft tissues back of the former 
position of the last molar, the so-called “retromolar space,” as possible. 
This soft tissue offers the opportunity of ‘having the contact of the 
denture’s margins therewith sharply accentuated, which will serve to 
maintain contact and exclude air at this critical point. The margins 
should extend as far backward and upward as possible, without, 
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however, reaching the tissues which are subject to movement, and 
without coming into contact with the upper base-plate when the mouth 
is closed. : 

The mylohyoid muscle forms the floor of the mouth in an anatomical 
sense, being attached to the mylohyoid ridge on the inner side of 
the mandible. The inner margin of a lower plate should extend as far 
downward as the attachment of this muscle with its overlying tissue 
will permit, but, obviously, there must be no impingement upon it 
or the tissue moved by it. At the median line, the frenum of the tongue 
must be given free play. 

The great advantage which the molding of the softened margins 
of a modeling compound impression by the actual pressure of the 
muscular structures which are in relation thereto, cannot be over- 
estimated in securing a proper outline for a lower denture. If this is 
not sufficient to develop an impression that will remain seated during 
its trial, it may be necessary for the operator to further mold these 
margins by pulling upward the lips and cheeks, while the impression 
with its margin softened is held in place upon the alveolar ridge. The 
inner margin may be tested and, if necessary, adjusted by softening it 
and haying the patient touch the roof of the mouth with the tip of the 
tongue as far back as possible. | 

The peripheral margins of dentures must be rounded so they will 
present an edge which will not cause irritation, but in lower dentures 
especially, this margin must not be too thick. The margin itself may 
have been located at the proper place, but if it is too bulky, it may 
come under the displacing influence of the muscular structures. 

In a case with a very thin narrow alveolar ridge, especially if its 
erest is covered with soft tissue, there may be a tendency for the plate 
to ride on this ridge and poor adhesion will result. Relieving this 
pressure in the impression and readapting it will remove the difficulty. 

In many mouths in which the alveolar ridge has almost completely 
disappeared, and in which the denture rests upon rather soft tissue, 
good adhesion may sometimes be secured by extending the buccal and 
labial margins as far outwardly as possible so that the lip and cheeks 
will hug them closely and exclude the air. A denture made on this 
plan has a larger base-plate area than is commonly employed. ‘These 
outer margins must be molded accurately in a modeling compound 
impression; they actually rest on tissues subject to slight movement, 
but if the adjustment is carefully made by repeated molding and 
remolding, the denture made from such an impression will exhibit a 
gratifying amount of adhesion. 

The muscles of the tongue, lip and cheeks are important factors 
in the maintenance in situ of many full lower plates. When a good 
alveolar ridge exists and satisfactory adhesion has been developed, 
their assistance may be more passive than active. As adhesion begins 
to wane, they are called upon more and more, and they acquire a very 
great usefulness in holding the denture upon its base and in returning 
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it thereto if it is displaced. Where the physical forces of retention are 
ineffective at the beginning of the use of the denture, it devolves upon 
these muscular structures to develop the method and the means of 
holding the plate in place, and with some patients, this is a long and 
tedious process and requires patient perseverance. 

Because of the fact that, naturally, retention is poorer in lower 
plates, it is very important that the lower teeth should be mounted as 
nearly directly over the alveolar ridge as possible to avoid any dis- 
placing influence of leverage. It is also very necessary that the lingual 
contours of the plate should not encroach upon the space occupied by 
the tongue and thus interfere with its free movement. 

Gravity.— While the force of gravity is naturally a favorable factor in 
lower plate retention, its value has been somewhat overestimated. 
The use of weighted dentures to increase its effect in a given case has 
not been very satisfactory. A lower denture in which the other factors 
of retention have been developed to their utmost is usually most 
comfortable for the patient if it is light in weight, and excessive weight 
is decidedly uncomfortable. Furthermore, excessive weight stimulates 
the resorption of the underlying bone and is objectionable on that 
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Fig. 142.—A, Plate outline for full lower cast with well-defined ridge. B, Plate 
outline for full lower cast with little ridge. 


THE RETENTION OF PARTIAL DENTURES. 


Partial Upper Dentures.—'These are maintained in place by adhesion, 
by atmospheric pressure and by attachment to natural teeth or roots. 

Adhesion is only of material service in cases in which the area of the 
base-plate is relatively large. Its value is limited by the fact that the 
plate margins are not all protected against the ingress of air, as at the 
site of natural teeth it is difficult to exclude it. Therefore, adhesion is 
inadequate as the sole dependency for retention of partial plates and 
it merely. serves in an adjunctive capacity. 

When the choice of means is available, retention through attachment 
to natural teeth is to be preferred, as this not only provides much greater 
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stability for the denture but it permits the use of a plate of much smaller 
dimensions, which is very desirable. As this method of retention is 
discussed in detail in a succeeding chapter, no further mention need be 
made of it at this point. 

There are certain cases, however, requiring a partial denture in which 
it is not possible or advisable to utilize the remaining natural teeth to 
maintain the denture, in which event it is necessary to put a vacuum- 
chamber in the plate which, together with such adhesion as may be 
obtained, serves to support it. A plate to supply all the upper teeth 
back of the six anterior teeth may be cited asan example. To use these 
teeth to support the denture would be disastrous, as the leverage upon _ 
them would soon occasion their loss. When used, the vacuum-chamber 
is to be designed and located in accordance with principles given earlier 
in this chapter. 

Partial Lower Dentures.—The base-plate area of these dentures is so 
small that adhesion normally plays a very small part in their retention. 
Attachments to natural teeth through clasps and other devices should 
always be employed and the reader should consult the chapter on 
Partial Dentures for details. However, when the area of the base- 
plate is sufficiently large to warrant it, as in plates supplying all the 
distal teeth, adhesion maybe developed in a limited degree by following 
the correctable modeling compound method of impression taking. 

Gravity, of course, renders some additional service in retention, 
but it merely supplements the other means employed. 


CHAPTER VII. 


THE SELECTION, ARRANGEMENT, AND ARTICULATION 
OF ARTIFICIAL TEETH. 


By CHARLES R. TURNER, D.D.S., M.D. 
AND 


FRANK A. FOX, D.DS. 


In a general way it may be said that the purposes of artificial dentures 
are the restoration of the impaired functions and the altered facial 
appearance which have ensued from the loss of the natural teeth. 
Artificial dentures should restore any lost parts of the mechanism con- 
cerned in the preparation of food for subsequent stages in its digestion, 
or should establish a satisfactory means for the execution of this func- 
tion. Ifthe normal voice and articulate speech have been impaired by 
the loss of the teeth, the dentures should restore these by providing a 
. substitute for the lost tissues concerned in the sound production, and 
they should impose no impediment to the proper exercise of these func- 
tions. They should restore the lost portions of the apparatus by which 
the expressive movements of the face are produced, and not interfere 
with the normal operation of these activities; and finally, they should 
restore the facial contours and the fixed expression of the face, and 
provide such substitutes for the missing tissues in those portions of the 
mouth which are exposed to view in laughter or speech, as shall be in 
harmony and accord with the other features of the face. In addition, 
they must be constructed with the view of utilizing to the best advan- 
tage the materials at command, and in consonance with such sound 
mechanical principles as will insure the efficiency of the appliance. 

To design a denture which shall successfully meet these requirements 
demands an acquaintance with the normal operation of the impaired 
functions, a recognition of the alterations which have been produced 
by the loss of the teeth, and a knowledge of the materials and principles 
which may be best adapted for the restoration of these functions. 
Furthermore, the placing of an artificial denture is to be regarded as a 
rational therapeutic measure, in which the requirements of each indi- 
vidual case are recognized, and the appliance designed and constructed 
to meet the indications thereof. 

Here follows a tabulated list of the ends to be subserved by artificial 
dentures, together with the factors concerned with promoting these 
ends: 

(222 ) 
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A. Stability of the plate. 


B. Functional 


I. Food preparation 4 


II. Voice and speech { 


III. Expressive move- 
ments of face. 


Qn We 


A. Facial con- 


tours. 
IV. Facial 
Pe essi01. B. Teeth as fea- 
tures of the 
face. 


efficiency 
of the teeth. 


C. Mechanical efficiency 
of plate and teeth. 


Physical means of retention. 
. Correct plate outline. 

. Correct articulation of teeth. 
. Form. 

Arrangement. 


Nr whe 


Strength of teeth. 

Strength of base-plate. 

Correct relation of teeth to 
base-plate to resist stress. 


Whe 


. Form, position and arrangement of teeth. 
. Form and lingual contours of plate. 


. Positions of the teeth. 
. Form and labial contours of the plate. 
. Relation established between the jaws. : 


; anes a. Positions of teeth. 
ene b. Buccal and labial con- 
Relation be- 


2 tours of the plate. 
tween jaws. 


olor, 
. Form. 
. Relative positions. 
. Gums. 


These factors will be discussed in detail from the standpoint of the 
principles underlying their correct adaptation to the individual case. 


Fig. 143.—Casts arranged upon articulator, with bite-plates. 


They will, however, be considered under headings somewhat different 
from the above, since many of these factors are concerned with both 
the utilitarian and cosmetic purposes of the plate, and besides avoid- 


224 SELECTION, ARRANGEMENT AND ARTICULATION 


ing unnecessary repetition, the method selected seems to afford the 
simplest means of elucidating the subject. 

The design of artificial dentures to effect the various purposes above 
outlined, includes the selection, arrangement, and articulation of the 
teeth, and the arrangement of the plate form and contours. The 
technic of denture construction using the various bases will be described 
in succeeding chapters. 

Many of the data which are to be used in the process have been 
obtained from the patient at the time the bite is taken, and it Is sup- 
posed that the casts have been mounted properly upon the articulator, 
and that the bite-plates have been laid aside for reference (Fig. 1438). 


THE SELECTION OF ARTIFICIAL TEETH. 


The considerations which determine the choice in the selection of 
artificial teeth for a given case are: (1) Anatomical, that they shall 
have the appearance required of substitutes for the natural teeth, and 
the form demanded by their proposed functional activities; (2) mechani- 
cal, that they may be adapted to the base upon which they are to be 
mounted, and satisfy such other mechanical demands as are incident 
to the shape and relation of the jaws in the individual case. 

1. The Size and Form of the Teeth.—In the selection of teeth for an 
edentulous case, it is desirable to know the size and shape of the lost 
natural teeth for which substitutes are required. This is seldom pos- 
sible, except in the few cases in which the prosthetist has available the 
extracted natural organs, in which event they should be carefully 
preserved for guidance in the selection of the artificial teeth. In 
general, other means must be used for determining the size and shape 
of the artificial teeth. 

Because of the resorption of the alveolar process and the conecquett 
diminution in the size of the maxilla, but twenty-eight teeth are used 
for full artificial dentures, the third molars being omitted. If the full 
complement of teeth were used, they would either be too small, or if of 
proper size, could not be correctly arranged in relation to the process. 
The data which indicate the combined width of the teeth must be 
obtained from the casts of the mouth. When placed in trial upon the 
upper cast in that relation to the alveolar ridge which it is proposed 
they shall occupy, with the centrals on either side of the median line, 
the distal side of the second molar should rest upon the center of the 
maxillary tuberosity (Fig. 144). In cases of extreme resorption of 
the alveolar ridge, the cast:alone does not furnish all the desired infor- 
mation, but for the most part it is usual to judge of the width of the 
. teeth by their relation to the length of the upper alveolar ridge. 

As obtained in full sets from the manufacturers, the sizes of the 
individual teeth of a series are intended to be correctly proportioned. 
The “fronts,” or six anterior teeth, and the ‘‘backs” are matched to 
have the same general proportion and may be fairly trusted for this. 
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Cases sometimes present, however, for which the size of the “backs” 
may be increased to advantage, because the canine of the series comes 
only to about the position of the canine eminence, while the backs do 
not reach the tuberosity. The width of the six anterior teeth suitable 
for a case may easily be determined, except in cases of extreme resorp- 
tion, by marking the positions of the two canine teeth upon the bite- 
plate in the patient’s mouth, and measuring the distance between these 
marks with a flexible ruler. The corner of the mouth is usually in 
relation with the distal angle of the upper canine tooth. Minor differ- 
ences in the proportion of the back teeth met with in the natural series 
need not be imitated. Variations in the proportionate size of the 
six anterior teeth may, however, be imitated to great advantage, and 


Fig. 144.—Full upper case, showing the trial of artificial teeth of proper size with second 
molar reaching center of the maxillary tuberosity. 


the selection of larger centrals or canines for use in appropriate cases 
will often be attended with happy results. This will be mentioned 
in the next chapter. 

Having decided upon the proper width for the upper teeth, their 
length is next to be determined, and this is largely decided by the 
particular type which is considered suitable for the patient, together 
with a purely physical factor, namely, the position of the high lip line. 
This latter landmark, it will be remembered, indicates the highest 
point to which the lip is elevated in smiling and laughter, and it is 
desirable to have the portion of the artificial denture which is displayed 
by these acts represented by teeth, unless this would make them too 
long. However, the correct proportion between the length of the teeth 
and their already determined width must be preserved in accord with 
the typal form chosen, and in no case should this consideration be 

15 
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sacrificed. The mobility of the upper lip varies in individuals and 
in some it may be elevated so high as to display a,good deal of the 
adjoining gum and process. Therefore, this space cannot always be 
filled in with the artificial teeth, and in cases of a very high lip line, 
the use of gum-section teeth is sometimes justifiable, or in some cases, 
teeth with a long ridge lap may prove satisfactory. The distance 
between the high lip line and the lower edge of the bite-plate, which 
corresponds to the proposed position of the cutting edges of the 
anterior teeth, should be the trial length of the artificial teeth, the 
correct proportioning of this length to the width in accordance with the 
typal indication of the patient should be the final deciding factor as to 
this dimension. 

The general form of the teeth is, of course, determined by their width 
and length, but their appearance is also affected by the character of 


their outline and their surface. These are matters which are discussed _ 


in Chapter VIII, so no further reference need be made here. 

2. The Color of the Teeth.—The most difficult physical characteristic 
of the artificial teeth to determine is their color. In edentulous cases, 
as has already been indicated, this must be selected upon a judgment 
based upon other physical characteristics of the patient. A few 
remarks upon the color of the natural teeth may not be out of place. 

The color of teeth is, in general, due to two things—the intrinsic 
color of the enamel and dentin, and their proportion and distribution 
in a given tooth and the light reactions of the tooth structure. Teeth 
that are opaque may have the same intrinsic color as those which are 
translucent, but they appear lighter. A tooth in the shadow of the 
upper lip looks darker than one not shaded. The intrinsic color of 
the enamel and dentin is in accord with that of the other pigmented 
tissues of the body. It harmonizes with the color of the hair, the eyes, 
and in particular with the color of the skin. This latter is of the 
greatest Importance in determining the color of teeth. Ivy! has 
said that the complexion is of great importance in deciding the color 
of artificial teeth. Joseph Head? has stated his belief that the funda- 
mental color of the skin over parts of the body protected from the 
sun, and that of the teeth is the same, and that if the pink element 
in the former due to the presence of the blood is removed by pres- 
sure upon the part, the color of the skin thus observed should be the 
fundamental color of the artificial teeth. The author is not wholly 
prepared to accept this view, but has observed instances in which it 
was fairly accurate. 

The state of organization of the teeth has been supposed to partly 
account for the color. It is certain that the greater translucency of 
the enamel in certain types of teeth is a result of its high state of 
organization, and accounts in part for the blue cutting edge character- 


1 American System of Dentistry, vol. 2, p. 1034. 
2 In private conversation. 
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istic of these teeth, while the opaque enamel of other types is commonly 
observed to be of poorer structure. 

The proportion between the enamel and dentin also is related to 
the color of the teeth. In some types of teeth, for instance, the 
opacity of the enamel and the fact that it is generously backed up 
with dentin partly account for their color, while in the thin teeth, the 
enamel plates at the cutting edges of the incisors enclose little or no 
dentin, permit the light to. be carried through, and they appear blue 
at this point. Furthermore, the commonly observed yellow color at 
the neck of incisor teeth is due to the thinness of the enamel, which 
permits the yellow color characteristic of dentin to show through. 

As age advances, there is a deepening inthe shade of the tooth, which 
is due to a molecular change in its tissues, and teeth are a shade or so 
darker in middle or late life than they were in early years. ; 

The fact has been brought out by E. A. Royce,! after a careful exami- 
nation of a large number of natural teeth, that the individual members 
of any given natural set vary much in shade. He says, “Tn our study of 
this subject we must have some standard by which to measure the 
shade of each tooth, and for this standard the upper central incisors of 
the denture under consideration were always taken. Some means 
being necessary to convey to you the different shades of the teeth in 
the mouth, I selected 0, or zero, to represent the shade of the central 
incisors, using numerals. to express the other shades—the higher the 
numeral the darker being the shade.” . . . “The upper central 
incisors are the lightest, the laterals are darker, and the canines are 
darker still. The first bicuspids are generally lighter than the canines, 
and the second bicuspids lighter than the first. The first molars 
generally vary but a shade or so from the second bicuspids.” 

We next come to discuss the selection of teeth in order that they 
may fulfil the mechanical requirements imposed by the base used, the 
relation of the jaws, and the amount of resorption of the process. 

3. The Base. — Artificial teeth are constructed with a means of attach- 
ment and a general form suitable to the base upon which they are to be 
mounted. Teeth for vuleanite work are equipped with two headed 
pins, or are provided with an undercut recess into which the vulcanite 
extends and securely locks them to the base-plate, Plate teeth are 
suitable for crown and bridge or metal plate work. In England and on 
the Continent they are used to some extent for vulcanite work, for 
which purpose they are made with long pins which are bent into a hook 
for attachment to the base. For cast dentures, where the metal is 
east directly about the teeth, vulcanite teeth are used and they are 
occasionally useful in continuous-gum dentures, although the teeth 
made especially for this work are the usual indication. 

4. The Amount of Resorption of the Alveolar Process and the Distance 
Between Jaws and their Relation.—In the mounting of the artificial 


1 The Dental Review, vol. 15, pp. 301, 934. 
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teeth, other things being equal, it is desirable to have their occlusal 
ends occupy the position with relation to the alveolar ridge which was 
characteristic of their natural predecessors. The incisors, canines, 
bicuspids, and molars should be placed, therefore, over the alveolar 
ridge in the upper jaw, and slightly to its buccal and labial sides (Figs. 
145 and 146). In the lower jaw the incisors and canines should be 
slightly to the labial side and over the ridge, while the line of teeth then 
crosses the ridge, the last molars being somewhat to the lingual side 
of its summit. This ideal method of placing is by no means always 
possible, because of the state of resorption of the process and the relation 
of the jaws. The proper placing of the teeth will be discussed later 
in this chapter, but inasmuch as they may be selected of such form 
as to greatly facilitate this, the mechanical demands upon them must 
be known at the time they are selected, and the choice made to further 
this end. There are also mechanical requirements incident to the 
strain upon the tooth in use, which may be furthered by judicious 
selection. 


Fig. 145.— Diagram showing the Fie. 146.—Diagram showing the ideal 
ideal relation of an artificial incisor relation of an artificial molar to the alveolar 
to the alveolar process. process. 


The labial surface of the fronts and the buccal and occlusal surfaces 
of the backs are fashioned to meet anatomical demands; other portions 
of the teeth are designed to meet the mechanical demands above 
referred to. As plain plate teeth are the ones in which this provision 
is best brought out, they will be used to illustrate the principles. 

The anterior teeth have the headed pin which affords attachment to 
the base-plate, a pin guard, which makes the division between “the 
bite” and “the shut,” and also what is technically called “the ridge 
lap.” Other things being equal, it is desirable in full sets to have the 
pins near the alveolar ridge. The “ridge lap” is intended to be in 
relation with the alveolar ridge, and “the bite” makes up the other part 
of the length of the tooth. Long bite teeth, it must be remembered, are 
not the strongest type of teeth because of the leverage upon them, the 
pin being the fulcrum, the length of “the bite” part of the tooth repre- 
senting the power arm. Long bite teeth are, therefore, not recom- 
mended for use in cases demanding great strength in which other 
types will answer the requirement. In most full cases, however, they 
may be used with reasonable assurance of sufficient strength. 
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The upper bite-plate having been removed, the space between the 
anterior edge of the lower bite-plate and the alveolar ridge is to be 
filled in with ‘‘the bite’ of the teeth selected, the remainder of the 
length of the tooth has to be made up in ridge lap (Fig. 147). Thus 
when there has been little resorption of the process and the jaws are 


Fig. 147.—Diagrammatic drawing showing section through upper cast and lower bite- 
plate, with artificial incisors properly filling in the space. The dotted line indicates the 
contour of the upper bite-plate. 


some distance apart, the teeth may rest almost upon the ridge, and a 
tooth with a short ridge lap is selected (Fig. 148). Where the jaws are 
close together, however, a tooth with long ridge lap must be used, and, 
of course, of short bite, since in teeth of a given length the ridge lap and 
bite are usually inversely related (Fig. 149). Where there has been 
much resorption of the process and the teeth are to be mounted almost 
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Fig. 148.—Use of short ridge lap with Fig. 149.—Use of long ridge lap with a 
small amount of resorption of process. short distance between the jaws. 


upon the ridge, a short ridge lap is indicated (Fig. 150). To avoid 
the use of a long bite tooth in a given case, a tooth with a long shut 
may be used, but it must be remembered that the plate must not be 
made too thick at the portions about the pins, as it may interfere with 
speech (Fig. 151). 
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Where plain teeth are to be mounted directly upon the gum, as in all 
temporary dentures, a short ridge lap must be used. 

When the antero-posterior relation of the jaws is abnormal, as in 
protruding upper or lower jaw, this condition may be accommodated 
in the teeth selected. Thus, in a protruding upper jaw, a short ridge 
lap is indicated for the upper teeth, while in a protruding lower jaw, 
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Fic. 150.—Use of short ridge lap tooth Fig. 151.—Use of long shut tooth, 


with much resorption of process, mounting with short ridge lap, where there is much 
tooth directly over ridge. space between jaws and little resorption 


of the process. 


teeth with a long ridge lap may be used advantageously in most 
instances (Fig. 152). In a protruding upper jaw, too, the use of teeth 
with a flat face provides a means of making the protusion less apparent, 
while on the other hand, when the lower jaw is anteriorly placed, 
so-called “bow-faced” teeth will lessen the apparent protrusion of the 
lower jaw and often permit a better arrangement of the upper and 
lower incisors (Fig. 153). 
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Fia. 152.—Use of flat-faced tooth for pro- Fic. 153.—Use of bow-faced tooth for 
truding upper jaw. protruding lower jaw. 


In the bicuspid and molar region, the adjustment of these teeth to 
the alveolar ridge may be made with greater ease. The use of teeth as 
' long as the distance between the ridges will permit of their proper 
placement, is indicated. This brings the tooth closely in relation with 
the ridge, thereby lessening the amount of base used, and, if the amount 
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of the tooth above the pins is as great as possible, this is an added 
advantage, for the bulk of the porcelain is an element of strength 
(Fig. 154). Cases will be met with, however, where the distance 
between the two alveolar ridges is so short that recourse must be had 
to so-called “saddle back” teeth, although this is more especially 
necessary in partial dentures (Fig. 155). 
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Fig. 154.—Fitting of molar teeth; filling in Fig. 155.—Use of saddle-back teeth in 
space between the ridges. case with short distance between ridges. 
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The use of Park pinless teeth is only possible when the distance 
between the jaws is sufficient to permit them to be placed almost 
directly over the ridge, in which instances their anatomical form will 
be found advantageous. Plate teeth and continuous-gum teeth do 
not have the divisions of vulcanite teeth above alluded to, except 
that in the case of the former a general conformation to this plan 
is made by grinding at the time they are fitted, and they should 
be selected with this in view. 

The use of gum-section teeth is the indication in some cases, but the 
number of these instances is small. The fixed relation between the 
teeth of a block limits their usefulness because there is little or no lati- 
tude in their arrangement. They are contraindicated in those cases in 
which little resorption of the alveolar ridge has taken place for the 
obvious reason that they would cause too great fulness of the denture 
at this place. They are used to best advantage in cases in which much 
of the denture is displayed in laughing, as indicated by the high lip line, 
when the space between it and the lower bite-plate cannot be filled in 
with a plain tooth without the use of one anatomically too long. 
They, of course, should be selected as regards their anatomical and 
mechanical forms by the same indications as prevail with pla teeth. 
The natural appearance of the gum portion of the section, an imitation 
of mucous membrane only equalled by that of continuous-gum work, 
is the only advantage which they possess. 


I. THE ARTICULATION OF THE TEETH. 


The Arrangement of the Anterior Teeth.— The objects to be subserved 
in the placement of the anterior teeth are those of incision, of articulate 
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speech, the establishment of correct facial profile and contours by their 
support of the lips and cheeks, and finally, the securing of their har- 
monious relationship as a feature of the face. As the appearance of 
the patient is chiefly affected by the upper anterior teeth, and as these 
may be arranged first, and the distal teeth subsequently placed to 
accord and properly functionate with them, it is usual to arrange them 
first. It is supposed that the casts have been mounted upon an 
articulator capable of individualizing the movements of the mandible, 
and that the bite-plates have been retained for the data which they 
furnish in the setting of the teeth. 

The requirements imposed upon the anterior teeth by their functional 
relations in the operation of incision are so closely related to the subject 
of plate maintenance that they may be considered subsequently when 
this matter is dealt with. Suffice it here to say that the utilitarian and 
cosmetic purposes of the denture are often in conflict in the arrange- 
ment of these teeth. For the most part it is desirable to consider as of 
first importance the requirements of appearance, and then to make 
such compromise between these demands and those imposed by the. 
incisive function as will subsequently be pointed out as advisable. In 
the case of patients well past middle life, where the resorption of the 
alveolar process complicates the placing of the anterior teeth in such a 
way as to serve both the ends of appearance and those of function, it is 
wise to sacrifice the former in favor of the latter, because in these 
instances the correct functioning of the appliance is of the greater 
importance. 

The anterior teeth are the chief ones concerned in the functional 
relations of articulate speech, but it is commonly true that when their 
positions satisfactorily answer the other necessary requirements, they 
usually meet the demands of speech because of the ability of the tongue 
to adjust itself to various conditions. The function of speech is also 
largely influenced by the form and contours of the plate, and these 
several considerations will be discussed later. 

The part played by the anterior teeth in the support of the lips in 
proper profile and contour will also be discussed under a subsequent 
heading. 

It is here purposed to take up, first, considerations relative to the 
appearance of the anterior teeth as a feature of the face. In order to 
serve as a feature of the face which thoroughly harmonizes with its 
environment, it may be said, in general, that the anterior teeth should 
answer the requirements imposed by form and color relationships, 
and should also accord with the age indications of the case. Inasmuch 
as the data are lacking which would permit an exact reproduction of 
the appearance of the natural teeth, the object sought should be to 
have the artificial teeth appear as a natural endowment of the indi- 
vidual, and exhibit evidences of the changes which would have been 
present upon the natural teeth at the age of the individual. In addi- 
tion to these requirements, their appearance must possess an intrinsic 
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artistic value. It would not be enough, for instance, to exactly repro- 
duce in the mouth of a patient the characteristics of the natural teeth 
of another individual, selected at random, though of similar age and 
type. Such a denture would be natural looking, but it might not 
also be pleasing to the eye. Natural dentures to be copied should 
have some artistic value, since in the mouth of an edentulous patient 
a denture may be placed which accords with the age and other indica- 
tions and also has intrinsic artistic worth. 

In the arrangement of the artificial teeth, the purpose is to imitate 
the original endowment of the individual and to imitate the effects 
produced by the causes which have operated in the environment of 
the teeth, and these effects must be copied from the observed effects 
existing in mouths under similar conditions. We shall now take up in 
detail the factors which contributed to these several ends. The 
articulated casts and the bite-plates furnish the data for the following 
items: ‘The inclination of the teeth, the median line, the position of 
the cutting edges of the teeth, the curve of the arch, the support of the 
lips, and the antero-posterior relation of the jaws. 


Fig. 156.— Drawing showing ideal relation of artificial teeth to the lips. 


1. The Relation to the Lips.—'The proper relation of the teeth to the 
lips largely contributes to the beauty of the teeth as a feature of the 
face. The most beautiful cases are those in which the cutting edges 
of the upper anterior teeth project but very slightly below the lower 
margin of the upper lip (Fig. 156). In some cases the natural teeth 
have been so much abraded, or are so situated that they do not reach 
the margin of the lip, while in other instances their edges extend much 
below this line. In most edentulous cases it is advisable to establish 
the teeth in the first of these relationships (Fig. 157). With this end 
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in view, the occlusal surface of the upper bite-plate has been trimmed 
to a distance js inch below the lower margin of the upper lip and 
represents, therefore, the position of the cutting edges of the anterior 
teeth. The general line of cutting edges is also parallel with the line 
of separation between the lips, a datum likewise furnished from the 
bite-plate. 

In the setting up of the teeth, the upper plate should be removed 
and laid aside for reference. The correct distance between the casts 
is maintained by the incisal guide rod. 


Fre. 157.—Six upper anterior teeth in position and in proper relation with lower bite- 
plate. Side view. 


2. The Median Line.—The median line of the mouth having been 
marked on the casts, determines the position of the division between 
the upper central incisors which are the first teeth to be put in place. 
Their cutting edges should be in relation with the outer edge of the 
occlusal surface of the lower bite-plate. 

3. Inclination to the Ridge.—The inclination of the long axes of the 
teeth to the alveolar ridge has been largely determined by the lower 
portions of the labial surface of the bite-plate. These portions of the 
bite-plate were made to support the lips properly, and the anterior 
teeth must be so placed that their labial surfaces occupy the position 
of the labial surface of the bite-plate. 

The teeth support and give form to the lip, but in addition, their 
inclination to the ridge affects their appearance. ‘This must be some- 
times made to accord with the demands imposed by the functional - 
purposes of the denture. After the anterior teeth have been set up, 
their inclination should accord with that observed for teeth of similar 
shape in jaws similarly related. 
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The teeth of a normal or ideal denture in jaws having a correct 
antero-posterior relation are inclined about as follows: The long axes 
of all of the anterior teeth are inclined slightly outward from a verti- 
cal plane, the angle made with the vertical varying from a slight 
divergence to a considerable amount. The long axes of the central 
incisors slightly diverge from the sagittal plane of the body. Those of 
the laterals, diverge slightly more, while those of the canines are more 
nearly vertically located. Where the lower jaw is distally related to 
the upper, the upper teeth often incline slightly backward, while where 
the lower jaw is protruding, the upper anterior teeth are usually 
inclined outward, the lower teeth having a lingual inclination from 
the pressure of the lips. 

4, The Curve of the Arch.—The arch formed by the cutting edges of 
the anterior teeth should be in accord with the curve of the bite-rim, 
which has been shaped in accord with the arch of the alveolar process 
and the face form of the patient. 

5. The Relative Position of the Teeth.—In the ideal or typical natural 
denture, the anterior teeth occupy definite relative positions. ‘Their 
cutting edges are arranged in the arc of a circle and they are placed 
regularly and symmetrically. This condition obtains, however, in 
Nature in a comparatively small proportion of cases, an irregular 
alignment or a dissimilarity between the two sides of the arch being the 
rule rather than the exception. In the arrangement of the anterior 
artificial teeth, due cognizance should be taken of this state of affairs. 
In the effort to make an irregular alignment assume a natural appear- 
ance, the relationship which exists in natural dentures between the 
alignment of the teeth and the form of the arch itself should be recog- 
nized. It would be manifestly out of place to arrange the teeth irreg- 
ularly for a patient of a type in which the arrangement is commonly 
regular. Furthermore, any irregularity imitated should be that 
which observation has shown to be associated with the teeth and type 
of such cases. It should also be borne in mind that age has an influence 
in the production of irregularities of the anterior teeth through causes 
which operate subsequent to the original positioning of the teeth. 
Attention should be given to the association between the irregularities 
imitated and the antero-posterior relation of the jaws, and in all 
instances the general relation between cause and effect should be borne 
in mind, and results established to accord with probable operating 
causes. 

The regular alignment of the natural teeth has been described. This 
is to be established with artificial teeth in mouths of patients for whom 
it is suitable. It should be reproduced for younger patients and 
those in whose mouths regularity of the teeth would be in accord with 
regular and symmetrical features of the face. On the other hand, 
irregularities of the teeth are to be imitated in the mouths of young 
patients of the nervous temperament, since the natural teeth in these 
mouths are frequently irregularly aligned. 
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The irregularities of the anterior teeth commonly observed are those 
with the long axis of the tooth departing from its position in the ideal 
form of the denture, and irregular positions of the occlusal edges of the 
teeth. 


Fie. 158. 


Fig. 159. 
Fies. 158 and 159.— Dentures showing irregular position of the anterior teeth. 


The following may be advantageously imitated in appropriate 
cases (Fig. 158 and 159): 
1. Rotation of the central incisors with their distal surfaces labially 
placed. 
2. Rotation of centrals with their distal surfaces lingually placed. 
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. One central overlapping the other with laterals overlapping. 
. Elongated centrals. | | 
. Overlapping laterals. 
. Alteration in position of the long axes of the teeth. 
. Centrals slightly lingually inclined. 
The lower teeth are irregularly placed frequently as follows: 
1. Centrals with the distal surfaces turned outward. 
2. Rotation of the lateral incisors. 
3. Overlapping of laterals or centrals. 
4, Overlapping of one or both canines. 

Spaces do not exist between the teeth of a natural denture without 
some abnormal operating cause. Their existence is usually a defect 
in the beauty of the denture, and the imitation of this in artificial teeth 
is seldom justifiable, unless it be in imitation of a condition known to 
have existed in the mouth of the patient. 

6. The State of Wear of the Teeth.—One of the defects commonly 
observed in artificial dentures is that the teeth are inserted without an 
alteration of their occlusal surfaces to imitate that produced by the 
wearing of the teeth from use. In Chapter I, the question of the wear- 
ing of the teeth was considered at some length. Artificial teeth should 
_be made to accord with the probable state of wear-of the teeth of the 
patient: The wear on the teeth in a natural denture is determined 
partly by the form of the teeth and the manner of movement of the 
mandible peculiar to the individual. While not directly related to the 
age, it must be, in some measure, in accord with it, or the length of 
service which the denture has seen. 

It is seldom advisable to imitate greater degrees of wear than the 
second, as further wearing is of seldom occurrence under the conditions 
of modern civilization and is infrequently observed in the natural teeth. 

It is seldom the case that an artificial denture is required in a patient 
so young that, had the natural teeth remained, no evidences of wear 
would have existed. In any but the youngest patients the cutting 
edges of the incisors should be ground with a corundum wheel to 
portray this evidence of their use, and the amount of wear should be 
graduated from a slight alteration of the cutting edges to that observed 
in the second degree of wear in which the dentin is exposed. What 
may be considered typal cases are illustrated in Figs. 160, 161, and 
in the imitation of this condition the relation of cause and effect, as 
above alluded to, must be constantly borne in mind. ‘To illustrate in 
detail one case which may be taken as a fair sample, Fig. 160, presents 
the conditions which might reasonably exist in a natural denture of a 
patient about thirty-five years of age. The forward movement of the 
lower jaw has caused the wearing of the upper incisors into slight » 
depression where they were in contact with the lower teeth. ‘The 
lower teeth have similarly worn. Fig. 160, shows a case in which there 
has been considerable over-bite of the incisors, where the upper teeth 
have been worn at the expense of the lingual plate of the enamel, the 
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lower teeth at the expense of the labial. Fig. 161 shows a case of the 
second degree of wear which might be found in the mouth of a patient 
aged fifty years, where the cusps have worn down sufficiently to permit 
the mandible to move forward, producing an edge-to-edge bite, with 


Fig. 160.— Denture showing imitation of first degree of wear. 


Fic. 161.—Denture showing imitation of second degree of wear. 


Fic. 162.—Denture showing imitation of recession of the gums. 
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the complete obliteration of the occlusal ends of the teeth, the exposure 
of the dentin, and a slight chipping of the enamel. Other typical 
cases of wear in natural dentures may be observed by the dentist and ° 
imitated in a similar manner. 

7. Recession of the Gums.—This condition, when of a physiological 
nature, is seldom observed in the mouths of patients younger than 
thirty-five years of age, although it is progressive by almost impercep- 
tible degrees up to this time. Pathological recession of the gums, 
attended with an exposure of the cementum and a thickening of the 
gingival margin, with a disappearance of the gum occupying the 
interproximal space, is frequently seen in these patients at a later 
period in life and may be imitated to advantage in such cases (Fig. 162). 

When it is desired to imitate a considerable recession of the gums, 
the use of Park “pinless teeth’ may prove advantageous. ‘These teeth 
have the full lingual contours of natural tooth crowns, and in addition, 
a section of the root is reproduced. It is possible therefore, to expose 
these root portions by suitable carving of the vulcanite, in imitation 
of natural conditions of recession. 

8. Individual Peculiarities.— Defects in the teeth of a denture, which 
have assumed the form of an individual peculiarity, are often to be 
reproduced in the mouths of patients in which they are known to have 
existed. The defects are those of form or structure. In the mouths 
of patients of the nervous temperament with delicately shaped teeth, 
filling operations have usually been necessary before the time at which 
an artificial denture is required, and in such cases, the insertion of 
fillings in the anterior teeth is a measure which frequently adds to the 
natural appearance of the denture. 

Where a prominent gold filling has existed in a natural tooth, it 
may be reproduced in the artificial, and will tend to preserve the iden- 
tity of the individual, in which cases it is the indication. 

The lateral incisors are usually the first anterior teeth requiring filling 
operations, and in those cases in which fillings are inserted for purposes 
of naturalness, and without a history of their former existence, these 
teeth should be selected to-receive them. In the insertion of the filling 
regard should be paid to its placement in a position in which carious 
cavities commonly occur. A gold filling on the mesial surface of 
either or both lateral incisors or upon the mesial or distal surfaces of 
either central incisor will answer these several requirements, and in 
all cases the relation of cause and effect, the latter represented by the 
filling, should be borne in mind. 

Discoloration of the teeth is another condition to be imitated to 
advantage in selected cases. One condition to be imitated is the stain- 
ing of the cervical third of the labial surface of the crowns, a yellow 
discoloration being sometimes found in these portions of the natural 
teeth.. The imitation of an eroded area in this location by grinding 
the surface which is then stained yellow, and the staining of the occlusal 
surfaces of the teeth to imitate the discoloration of the dentin observed 
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in the mouth of users of tobacco, is the one most commonly of 
service. 

The imitation of the discoloration incident to devitalization of a 
tooth may be some times justifiable, but rarely except in those cases in 
which a similar condition was known to exist. 

The opaque white spots on the surface of the incisors, indicative of 
an error in the development of the enamel, is also a condition which 
may be reproduced. The indication for this, however, seldom presents 
itself, and it is only really necessary for partial dentures in which an 
artificial tooth is to be made to match natural teeth exhibiting this 
condition. 

The reader is referred to Chapter VIII for a more extended discus- 
sion of the esthetic considerations relating to artificial teeth. 


THE ARTICULATION OF THE BISCUPID AND MOLAR TEETH. 


When all is said about the purposes of artificial dentures, it will be 
seen that their chief function-is the repair of the apparatus by which 
mastication is accomplished. The molar and bicuspid teeth are para- 
mount factors in the accomplishment of this object. Their form and 
arrangement should be determined largely by considerations relative 
to this purpose. They also contribute by their arrangement to the 
general object of plate maintenance. The correct placing and form 
to be given them to promote these purposes will now be considered. 

A knowledge of the form and functional relations of the natural teeth 
will be of great assistance in the articulation of the artificial bicuspids 
and molars. While it is not possible or desirable to exactly reproduce . 
in the artificial teeth the form and arrangement of the natural, because 
_of essential differences in the conditions attending their use, much may 
be learned from a study of the normal operation of mastication in a 
typal or ideal natural denture. As placed in the mouth, the natural 
teeth are firmly imbedded in the alveolar process, and during their use 
for purposes of mastication, stress may be applied to them in a variety 
of directions. On the other hand, artificial teeth are mounted upon a 
base supported upon the mucous membrane, and they must be so 
formed and located that not only is the stress which is exerted upon 
them in the crushing of the food to be so arranged as to be best resisted 
by the tissues supporting the plate, but that stress must be so disposed 
as to hold the dentures firmly upon their base instead of causing them 
to be displaced. These essential differences, therefore, exist between 
natural and artificial dentures and the principles utilized in the former 
must be modified and adapted to promote the best interests of the 
latter. 

Two objects are, therefore, held in view in the articulation of artificial 
teeth: (1) To have the teeth shaped and located so that they may be 
brought into effective functional relations during the movement of the 
mandible; (2) to so arrange them that the stress brought upon them 
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during their use in mastication will serve to maintain the dentures 
upon their support and not to displace them. How may this be 
accomplished ? 

Let us next direct attention to several characteristics of an ideal 
natural denture which have to do with the function of mastication. In 
the ideal denture there is a definite relation between the form of the 
occlusal surfaces of the teeth and the path which the condyle pursues, 
and in consequence, with the movements of which the mandible is 
capable. It has been shown in Chapter I how this relationship renders 
the denture a more effective masticating apparatus. ‘This principle is 
to be applied to artificial teeth; for while it is rarely the case that in a 
natural denture the teeth absolutely follow the typal design for the 
apparatus, in the artificial denture the forms and positions of the teeth 
are under control and may be determined and coérdinated with the 
mandibular movements. 


Fic. 163.—Diagram showing typal proportion between cusp length overbite and com- 
pensating curve. Modified from Bonwill. 


It will be remembered that in the typical natural denture the so-called 
“compensating curve” of the bicuspid and molar teeth is directly cor- 
related with the path pursued by the condyle in its forward excursion 
(Fig. 163). This provides for a sliding contact between the two series, 
upper and lower, in the forward movements of the mandible until its 
anterior end is depressed by the sliding of the lower incisors upon the 
lingual surfaces of the upper. The curved plane of occlusion, or as it 1s 
frequently called, ‘the compensating curve,” is a continuation of, or 
is concentric with, the path pursued by the condyle. This correlation 
is to be established by the form and arrangement of the artificial teeth 
to subserve a similar end. | 

It will also be remembered that the buccal cusps of both upper and 
lower series are placed at a progressively higher level from the first 
bicuspid to the last molar. Also that the buccal cusps of the lower 
and the lingual cusps of the upper are the larger of the lines of cusps. 

16 
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This permits a sliding contact between the teeth in the lateral excursion 
of the jaw. When the mandible is moved to the right side for instance, 
the high buccal cusps of the lower series on the right side slide upon and 
come in contact with the short buccal cusps of the upper, the large 
lingual cusps of the upper being at this time in contact with the lin- 
gual cusps of the lower series (Fig. 164). On the side opposite to that 
from which the movement has taken place, the high buccal cusps of 
the lower have moved upon the large lingual cusps of the upper, the 
descent of the condyle on this side making it necessary that two long 
cusps be in relation to preserve the contact. When the mandible is 
brought back to the position of the resting bite, the sliding contact is 
maintained. A correspondingly similar relation of the teeth exists 
when it is carried to the left side. This characteristic of the ideal 
natural denture is also to be reproduced in the artificial. 


Fig. 164.— Diagram illustrating contact of cusps in lateral excursion of the mandible. 
Section through jaws at position of second molar. O P, line touching lingual cusps of 
upper molars; L R, line touching buccal cusps of upper molars; § T, line touching buccal 
cusps of lower molars, showing the downward movement of the mandible on the right 
side necessary for contact of the cusps. 


In the natural denture, when the mandible is protruded in incision: 
to bring the occlusal edges of the incisors into contact, there is no con- 
tact between the distal teeth of the two series. In the artificial denture ~ 
the over-bite of the upper incisors is to be made less than its natural 
prototype, so that when the mandible is protruded for incision and the 
incisors are in edge-to-edge relation, contact between the last molars 
of the series is to exist at the same time. It will be seen that this 
arrangement of the forms and positions of the artificial teeth provides 
for a simultaneous contact between the series of the two sides during 
the lateral movement of the mandible in mastication. This serves to 
maintain both upper and lower plate dentures in place by pressing them 
firmly upon the tissues which give them support. During the use of 
artificial dentures for mastication this provision greatly contributes to 
their maintenance. It does not, of course, provide against displacing 
stresses occurring In mastication before the two series have come into 
contact, and during the passage of the cusps through the food until 
those of the two series touch; but in the retraction of the jaw from this 
point to the position of the resting bite, during which time the chief 
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crushing of the food takes place, the teeth preserve a sliding contact 
which tends to keep the dentures in place. This arrangement of the 
teeth also assists in the maintenance of the dentures during the opera- 
tion of incision, for as soon as the incisors have met through the food 
that is being incised, the distal teeth are in contact, and as the 
mandible is retracted to the position of occlusion, the lower incisors 
slide upon the upper and the dentures are firmly pressed into place. 
From the above paragraphs it will be noted that the arrangement of 
the teeth to provide for balancing contacts between the two dentures 
during those mandibular movements in which the two series of teeth 
touch at any point, is of extreme importance in the maintenance of the 
dentures. This idea originated with Bonwill and is exemplified in his 
well known “three-point contact” plan. In this he proposed that if 
the two series of teeth touched at three widely separated points, that 
is, at the rear on each side and in the front, during the various man- 
dibular excursions, support would be furnished to each of the dentures, 
and leverage tending to unseat them would be avoided. While the 


Fic. 165.—Diagrammatic view of the relative height of the buccal and lingual cusps of 
the molar and bicuspid teeth. (Walker.) 


principle enunciated by him has remained unchanged, present methods 
of tooth articulation provide for considerably more than three points 
of simultaneous contact, and for an uninterrupted gliding of the sur- 
faces of one series upon the surfaces of the other during mandibular 
movements. . This is called ‘‘balanced” occlusion or articulation of 
the teeth. — 

As it is highly important that the prosthetist should have definitely 
in mind the contact relations which he proposes to establish between 
the teeth before he begins to arrange them on the articulator, it is 
desirable that these should now be discussed. It will be well to note 
that the side toward which the mandibular (or articulator) movement 
takes place is called “the working side,” as it is on this side that the - 
more effective mastication takes place, while the other is called ‘‘the 
balancing side.” 

Balanced Occlusion.—During lateral movement, on the working 
side the whole series of buccal cusps of the lower teeth from the canine 
backward must slide on the walls of the fossee of the upper teeth, and 
when they reach the position shown in Fig. 166, that is, when the 
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buccal cusps interdigitate in the edge-to-edge relation, the correspond- 
ing lingual cusps of these two rows must likewise be in contact. On 


Fic. 166.—Contact relations of the teeth on the working side. 


the balancing side, the contact varies somewhat according to the plan 
of balancing that is to be adopted or that can be effected. The Gysi 
Trubyte teeth are designed to furnish a single balancing point through 


Fic. 167.—Contact relations of the teeth on the balancing side. 


the use of a second upper molar with a single very long lingual cusp. 
The balance obtained in this way is shown in Fig. 167, in which this 
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cusp is shown in contact with the disto-buccal cusp of the second 
lower molar. Others prefer to arrange for contact of other cusps on this 
side, and seek to establish such relations with all the lingual cusps of 
the lower series. The teeth of some manufacturers are designed to 
make possible this type of balancing relation. 

In the anterior excursion of the mandible (or the articulator) it is 
essential that, when the incisors are in the edge-to-edge relation, there 
shall be contact at least at each side in the rear between the second 
molars. By a suitable adjustment of the over-bite and of the curve of 
the occlusal plane of the teeth, such sliding contacts may be provided 
in the forward movement so that, when the incisors are end to end, 
there is not only contact at the rear but many of the intervening teeth 
likewise touch. 

Factors Goverring Fositions of Teeth.—In order to effect such an 
arrangement of the artificial teeth as has been set forth above, it is 
desirable that the prosthetist should have an intelligent appreciation 
of the various factors that control the position of the individual teeth, 
as well as those which determine their general arrangement. He will 
thus be able to follow the technic with an understanding of the signifi- 
cance of each step recommended, and should be able to correct any 
errors in his work by a knowledge of what has gone wrong. 

In the mechanism of a properly articulated set of artificial teeth, 
either in the mouth or in the articulator, there are five items which 
sustain interdependent and reciprocal relationships. These are: 

1. Condylar guidance, or guidance to movement provided by the 
condyle paths (both downward and forward as well as lateral). 

2. Incisal guidance, or guidance furnished by the upper incisors or 
the incisal guide-rod plane. 

3. Curve of the plane of occlusion (both laterally and antero-pos- 
teriorly). 

4. Height of the cusps of the teeth (sometimes measured by the 
reéntrant angle between buccal and lingual cusps). 

5. Plane of orventation of the dentures.! 

The relationship borne between these five factors has been well 
defined by Hanau? in what he has called the laws of articulation. 


THe Ten Main Laws oF ARTICULATION. 


“1. An increase of the inclination of the condylar guidance increases 
the prominence of the compensating curve. 

“2. An increase of the inclination of the condylar guidance increases 
the inclination of the plane of orientation, 

“3. An increase of the inclination of the condylar guidance decreases 
the inclination of the incisal guidance. 

“A. An increase of the inclination of the condylar guidance increases 
the heights of the cusps, progressively toward the posterior. 


1 Hanau: Dental Engineering, p. A-44. 2 [bid., p. 4. 
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“5. An increase of the prominence of the compensating curve 
decreases the inclination of the plane of orientation. 

“6. An increase of the prominence of the compensating curve 
increases the inclination of the incisal guidance. 

“7. An increase of the prominence of the compensating curve 
decreases the heights of the cusps, progressively toward the postervor. 

“8. An increase of the inclination of the plane of orientation 
increases the inclination of the incisal guidance. 

“9. An increase of the inclination of the plane of orientation 
decreases the heights of the cusps equally, or nearly so. . 

“10. An increase of the inclination of the incisal guidance increases 
the heights of the cusps, progressively toward the anterior.” 

A careful study of this statement of the relationships of these 
several factors will show that the only one which is definitely fixed by 
the patient is the condylar guidance (which varies with different 
patients), and that this is definitely related to each of the other factors, 
and that they vary in accordance with variations in it. For example, 
for a marked downward condyle path, the curve of the plane of occlu- 
sion must be made to correspond by having greater curvature. 

The next point which must be noted is that the plane of orientation 
of the dentures is definitely determined and recorded in the bite-plates 
in the preliminary stages of their use, so that this becomes a fixed 
factor when the stage of setting the teeth has arrived. If the curve 
of the plane of occlusion has been worked out by grinding the bite- 
plates in the mouth, as described in Chapter V, or has been formed in 
the bite-plates upon the articulator by the Wadsworth method later 
described, this now becomes a fixed factor; so that of the five factors 
which vary in any given case, three of them are now fixed and only two 
remain for consideration. . 

Incisal Guidance.—The function of the incisal guide-rod sliding upon 
its plane is to impart an opening movement to the articulator as the 
lower cast is moved forward in imitation of the effect produced by the 
sliding of the lower incisors upon the lingual surfaces of the upper in 
both forward and lateral movements. Of course, no data are procur- 
able from the patient which will indicate what this should be. It is 
extremely desirable that it should be used, as it gives a guide in articu- 
lating the distal teeth and prevents the bows of the instrument from 
coming closer together in these movements. After the teeth have been 
selected we have introduced another fixed factor of the five having 
reciprocal relations. Since the teeth available on the market which are 
well designed to establish articulating relations have a certain narrow 
range of cusp height (or cuspal angle of 37 to 45 degrees), it is possible 
to set the inclined plane in accordance with a formula representing 
the proper relation between these three elements: 7. e., condyle slant, 
incisal guidance and cusp height. This formula as proposed by Hanau' 
is contained in the subjoined table. 


1 Hanau: Dental Engineering, p. A—41. 
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With both the Hanau and Gysi articulators, the incisal guide plane 
should be set as soon as the condyle slants have been adjusted by 
means of the forward bite. This is especially important when using 
the Gysi Trubyte articulator, for the lateral plates on the incisal plane 
must be adjusted subsequently to fix the rotation centers. It may be 
remarked at this time that once the distal teeth are set as to their lateral 
and forward relations, they themselves may serve to induce the opening 
movements on an articulator such as the Wadsworth which does not 
possess the means of producing the opening movement in forward 
excursions. 

To review briefly, the articulator and bite-plates represent as 
definitely set for the case in hand, the condyle guidance, the incisal 
guidance, the plane of orientation of the future dentures, and perhaps 
also the curve of the plane of occlusion. With teeth selected of suitable 
cusp length, it now remains only to arrange them and adjust them into 
this assembly. Once the articulator is set, the paths of movement of 
the bows of the instrument are definitely fixed (in imitation of the Jaw 
of the patient) so long as the incisor guide pin remains in contact with 
its plane. It is during these movements that the teeth when set must 
exhibit sliding contacts, and it must be constantly borne in mind that 
these sliding contacts must be made by the prosthetist always with 
this pin in contact with its plane. We now have only the problem otf 
placing the artificial teeth in such positions that they occlude properly 
in the rest position and, during the movements above specified, they. 
exhibit the desired sliding contacts. We may now proceed to discuss 
the technic of arranging the teeth. 

Technic of Articulation.—It is of first importance to correctly locate 
the positions of the lower teeth in respect to the alveolar ridge, for, 
with few exceptions, it is highly important from the standpoint of the 
stability of the denture that these be placed directly over the summit 
of this ridge. 

Upon examining the lower cast we can note the crest of the lower 
alveolar ridge, and by making a mark with a pencil over this crest in the 
retromolar triangle and again a mark over it in the canine region and 
continuing with a third mark in line with the former two at a point - 
outside the plate line as shown in Fig. 168, we have the means of record- 
ing this on the bite-plate. 

The lower bite-plate is now returned to the cast and, with a rule 

connecting the first point marked on the cast with the third point, a 
line can now be scribed across the surface of the lower bite-rim which 
will indicate the summit of the lower ridge (Fig. 169). 

On the buccal side of this line, 5 mm. away in the molar region and 
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3 mm. away in the premolar region, may be scribed a second line and, 
on the lingual side of the original line, 4 mm. in the molar region and 
3 mm. in the premolar region, may be scribed a third line. The space 
between line 2 and line 3 will then give us the location of the upper 
bicuspids and molars, as in this position the force of mastication is 
brought directly upon the crest of the ridge in the lower jaw. 


Fic. 168.—Lines drawn on lower cast to indicate center of alveolar ridge. 


After these lines have been properly drawn, we are then ready to 
place the bicuspid and molar teeth in position. It is assumed that the 
six upper anterior teeth are already in place (Fig. 171). The molar 
and bicuspid teeth are now set with regard to their relation to the 
occlusal plane of the lower bite-plate as follows: The first bicuspid 
is placed so that the buccal cusp comes in contact with the occlusal 
plane, its lingual cusp being slightly raised; the second bicuspid is 
placed so that both cusps come in contact with the plane, the long 
axis of both of these teeth assuming a position vertical to the occlusal 
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‘plane as far as their antero-posterior relation is concerned. The first 
molar is placed so that the lingual cusps come in contact with the 
occlusal plane but the buccal cusps are raised about 1 mm. or so off of 
the bite-rim; the second molar is placed with the lingual cusps in con- 
tact with the occlusal plane, while its buccal cusps are also raised, but 
to a greater extent than those of the first molar (Fig. 172). An exami- 
nation of this relationship will reveal the approximation of a compensat- 
ing curve, both antero-posteriorly and laterally. 


Fic. 169.—Lines on bite-plate to indicate position of distal teeth. 


After these teeth are so placed (as in Fig. 173) the lower bite-plate 
may now be laid aside. Assuming that the first molar is the key to 
occlusion, we may start with the first molar in the lower jaw, mounting 
it on the lower base-plate with a ball of softened base-plate wax and 
bringing it into articulation with the second bicuspid and the first 
molar of the upper jaw (Fig. 174). The articulator may now be 
moved laterally and antero-posteriorly to test its contacts, and the 
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lower molar adjusted in the finer details of a proper anatomical articula- 
tion. | 

The writers have found it advantageous to use for this purpose a small 
pair of soldering tweezers. The pair of tweezers being heated in the 
Bunsen flame will transmit enough heat when grasping the tooth to 


Fig. 170.—Bite-plates on articulator. 


Fia..171.—Six upper anterior teeth correctly placed. 
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allow the operator to move the tooth at will in the wax softened by 
the transmitted heat. 

After the one molar has been properly placed, the one on the opposite 
side should be similarly placed and the articulator brought in right 
and left lateral occlusion to test the correctness of the working bite and 
the balancing bite. On account of the variations in the baking of 
porcelain teeth, it may be found necessary at times to slightly grind 
an individual tooth with a small carborundum stone to perfect the 
nicety of the interdigitation. After the two molars have been so placed, 
the second bicuspid on each side may be placed in like manner and 
also tested for their articulation, special care being taken to bring these 
teeth in contact with the distal surface of the upper first bicuspid, 
and the mesial surface of the upper second bicuspid when the articula- 
tor is placed in right and left lateral occlusion; also that the molar 
and bicuspid now placed assume a cusp to cusp relationship when the 
lower jaw is brought in the position of protrusion (Fig. 175). The 
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‘RELATION OF CUSPS TO OCCLUSAL PLANE — CROSS SECTION 
Fic. 172.—Diagram showing correct relation of cusps to lower bite-plate. (Clapp.) 


first bicuspid is now placed in position on both sides, using the same 
technic (Fig. 176). After this tooth has been brought mto correct 
articulation with the distal slope of the upper canine and the mesial 
slope of the first upper bicuspid, the articulator is again shifted into 
protrusion to test for correctness of cusp to cusp relations (Fig. Vale Pe 
The second molar is now to be placed (Fig. 178) and it is here that we 
notice considerable difficulty in determining its exact position, as a 
slight incorrectness in its position will seriously affect the proper 
working and balancing bite. ‘Fhe operator will now observe that the 
positioning of the upper teeth as heretofore described will conform, 
with very little adjustment, to an articulation that is harmonious 
with the movements of the articulator (Figs. 179 to 183). 

The lower anterior teeth are now placed in position and if a correct 
record has been made of the lateral movements and the forward 
movement of the jaw and recorded in an instrument that is adaptable 
to these movements, the correct overbite will be easily found. ‘The 
position of the six lower anterior teeth should assume the following 
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Fic. 174.—First lower molar in position. 
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Fic. 175.—Second bicuspid placed in position. 


Fic. 176.—First bicuspid in place. 
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relations (except where it is advisable to copy certain individual char- 
acteristics) : the long axis of the four anterior teeth should take a parallel 
relationship with the median line and the canines should be slightly 


Fic. 177.—Testing relations of teeth in lateral occlusion. 


Fig, 178.—Second molar in place. 


Fie. 180.—Incising relationship: Side view. 
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Fic. 181.—Incising relationship: Front view. 


Fic. 182.—Relationship of cusps on working side. 
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tilted toward the median line (Fig. 184); as to their antero-posterior 
relation, the central incisors should be tilted slightly torward, the 


Fig. 183.—Contact relations of cusps on balancing side. 


Fig. 184.—Front view of dentures in occlusion, showing positions of lower anterior teeth. 
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lateral incisors vertical, and the canines should be tilted slightly toward 
the lingual side, as shown in Fig. 185. These are now tested by shifting 
the articulator into lateral occlusion and also into forward occlusion 
(edge-to-edge bite). In lateral occlusion the three lower anterior 
teeth should come into occlusion with the upper teeth except the upper 


Fig. 185.—Proper relation of lower anterior teeth to alveolar ridge. (Clapp.) 


lateral incisor which is raised slightly off of the occlusal plane to avoid 
contact with the lower canine. As the lateral incisor of the upper Jaw 
is extremely weak and subject to fracture, it is deemed advisable to 
raise this tooth slighly off of the occlusal plane to avoid too heavy a 
contact with its antagonist. 


Fig. 186.—Scribing curve of occlusal surfaces on bite-plates by the Wadsworth method. 


When these teeth are so placed, our next consideration is to test the 
entire articulation as to its correctness. The articulator is placed 
into left lateral occlusion and in this position the teeth on the right 
side should be in absolute contact from the central incisor on the right 
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side to the second molar on the same side, with the exception of the 
upper lateral incisor which as before mentioned is kept out of contact. 
This side (right) is now in the position referred to as the working bite, 
while on the left side where the articulation is balanced by contact 
of the lingual cusps of the upper first and second molar with the buccal 
cusps of the lower molars, and this is referred to as the balancing 
bite (Fig. 183). If these contacts are correct, we can now test for 
the forward or protrusive relation, where the teeth to be in proper 
balance must exhibit an absolute cusp to cusp contact between all 
the teeth, with the exception of the upper lateral incisor. as before 
mentioned. If these three relations are found to be correct, we may 
consider our articulation completed for a trial in the mouth as a further 
check. This trial will not only determine if the articulation is correct | 
but will also check the accuracy of the bite relations. 

Wadsworth’s! method of carving the occlusal surfaces of the bite- 
rims into the antero-posterior and lateral curves is described as follows: 

“With a pair of 5-inch dividers measure the distance from the 
median incisal angle to the condyle center. Then, with one point of 
the dividers on the condyle at the junction of the slot and condyle 
disc, scribe an arc on the modeling compound in the centering plate. 
Place one point of the dividers at the median incisal angle, and scribe 
another arc on the centering plate. These two arcs will intersect and 
the point of intersection will be the apex of an equilateral triangle, 
the base of which is a line between the median incisal angle and con- 
dyle center. The median incisal line is the furthermost forward point 
of the maxillee and mandible, and the condyle is the most distal point. 
Therefore, the apex of the triangle above described becomes the exact 
center of the curve of occlusion. | 

“Place a point of the dividers at the intersection of the two arcs on 
the centering plate and scribe an arc on the bite-rims; this arc is the 
basic dental curve or curve of occlusion (Fig. 186). 

“Cut away or add to the lower bite-rim whatever is necessary to 
conform it to the basic dental curve line scribed on the bite-rim. ‘Then 
remove the upper model plate with model and bite-rim from the 
articulator. Close the articulator, and holding one point of the 
dividers at the apex of the triangle, gouge deeply into the lower bite- 
rim laterally with the other point of the dividers. ‘This will register 
the trend of the lateral curve. 

“Trim the bite-rim laterally to the bottom of the marks so made. 
Repeat the operation on the opposite side. Replace the upper model, 
with bite-rim, and build the upper bite-rim to conform with the planes 
established on the lower bite-rim. 

“The arcs thus scribed will also coincide with the individual measure- 
ments of the distance from the median incisal angle to the condyles. 
This is a most important attribute of the Wadsworth instrument, 


1 Wadsworth Universal Articulator, S. 8. White Dental Mfg. Co., p. 29. 
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which makes it possible to take practical advantage of the well-estab- 
lished anatomical fact that both sides of the mandibular triangle are 
rarely of equal dimensions.” | 

With the bite-rims so carved or ground by the method of Essig and 
Paterson, the upper distal teeth may be mounted with buccal and labial 
cusps touching the bite-rims, when they conform to the antero-posterior 
(compensating) and lateral curves desired. 

When finished the dentures are again tried in the mouth and are 
transferred from the mouth to the articulator with the face-bow, 
care being taken to check the accuracy of centric occlusion and to 
transfer the dentures to the articulator only in absolute centric occlu- 
sion. The dentures may now be fastened to the articulator model 
supports according to the face-bow record and the articulation finaily 
adjusted by milling the teeth with carborundum paste. This will 
overcome any slight inaccuracy in cusp formation or error in bite 
relation. 


TRIAL OF THE DENTURES. 


Upon theoretical grounds after a set of artificial teeth has been 
articulated so as to have correct functional relations in the various 
movements of the lower bow of the articulator, they should be capable 
of correct functional relations in the mouth. The fact, however, that 
no articulator can perfectly reproduce the movements of the mandible 
in a given case, makes it advisable that after the dentures have been 
set up, their functional relations should be tested by actual trial in 
the mouth. This will frequently reveal errors in securing an accurate 
centric occlusal relationship of the jaws or other errors made up to 
this point. It is also desirable to determine if the shade and form of 
the teeth selected are satisfactory, and if their arrangement is pleasing. 
After the teeth have been temporarily mounted, therefore, they should 
be tried in the mouth of the patient. 

The presence of the patient will probably, even under the best 
circumstances, provide additional data in the matter of the arrange- 
ment of the artificial teeth. In many cases no alteration of the original 
arrangement of the teeth will be necessary, but this depends almost 
solely upon the accuracy with which the conditions related to the 
arrangement of the teeth have been noted and the teeth set in accord- 
ance therewith. Frequently, however, the slight alteration of the posi- 
tions of some of the anterior teeth to make them more fully accord 
with the principles already laid down for their arrangement, will be 
suggested when the teeth are tried in the mouth. 

The articulation of the molar and bicuspid teeth in the excursions 
of the mandible may occasionally require slight adjustment because of 
the natural limitations in articulators already noted. A systematic 
examination of the dentures in place in the mouth should be under- 
taken according to a method recommended by O. A. Weiss.! First, 


1 The Dental Review, September, 1903. 
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the occlusion should be carefully noted, that is, it should be observed 
whether the teeth of the two series occupy the same relation to each 
other in the occlusal position of the jaw as they did in the articulator. 
It is not enough to depend solely upon the eye to judge of this, but 
the actual contact of the teeth must be tested by means of a thin 
instrument, such as a large hatchet-shaped excavator. The patient is 
instructed to lightly hold the jaws in the position of occlusion. The 
contact of the dentures anteriorly is first tested with the excavator. 
If the contact is uniform, posteriorly as well as anteriorly, prying the 
teeth apart with the excavator should also separate the distal teeth. 
It must be remembered, however, that the plates are to be held firmly 
in their positions upon the alveolar ridges, and the operator should not 
be deceived by finding the plates apparently in contact posteriorly 
when they may be separated in front. The dentures may be detached 
from the membrane posteriorly, the teeth apparently being in contact, 
when the anterior teeth are separated by this measure. The contact of 
the distal teeth on both sides should be tested in a similar manner. 
The displacement of the dentures anteriorly by separating the posterior 
teeth with the excavator is not likely to occur from this procedure. 
When the distal teeth are separated, the jaws should be pried apart 
and the anterior teeth ‘should also be similarly separated. This should 
be tested on both sides. If a serious lack of adjustment is made mani- 
fest by this trial, the bite should be retaken and the teeth reset. 

In testing the relation of the teeth in the various movements of the 
-mandible, the same general method of procedure may be undertaken. 

_ The patient is directed to move the mandible to the right and bring the 
teeth in contact with this position, the condyle on that side remaining 
inits fossa. On the right side the two lines of buccal cusps should be in 
contact, while at the same time the lower buccal and upper lingual cusps 
are in contact on the left side. The contact is to be tested with the 
excavator unless it is seen that the teeth do not occupy these relations. 
If, on the right side, the cusps are not in contact, but are separated, 

‘while they touch on the left, it is evident that the cusps on the left side 
are too prominent or that those on the right side are not sufficiently so. 
This defect may be corrected by changing the inclination of the long 
axes of the teeth on the left, so that at the same time that the cusps on 
the right side are in contact, those on the left are also. 

If, on the contrary, when the mandible is moved to the right, the 
cusps on that side are in contact and those on the left are not, the long 
axes of the teeth on the left side should be altered so that the buccal 
cusps of the lower and the lingual cusps of the upper are made more 
prominent and come into contact. It will be evident that these altera- 
tions must be made with the plates in their place upon the articulator, 
and without alteration of the occlusal relations of the casts. 

This operation is to be repeated with the mandible moved to the left, 
and any adjustment in the direction of the long axes of the teeth on 
either side made in accordance with the above principle. 
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The relation of the teeth when the jaw is protruded for incision 
should be tested. The patient is directed to bring the occlusal edges of 
the incisors into contact and to maintain the jaws in this position. The 
contact of the distal teeth is then to be noted, the excavator being again 
employed to discover if they touch. If the molars are in contact, 
as determined in this trial, then no alteration is to be made in the 
position of the teeth. If, however, they are not in contact, it will be 
seen either that the overbite of the upper incisors is too great or that 
the compensating curve of the molar and bicuspid teeth does not 
accord with the path of the condyle. This defect may be corrected 
either by reducing the overbite until the incisor and distal teeth 
are in simultaneous contact in this position of the mandible, or by 
arranging the distal teeth with a compensating curve of shorter radius. 

If in the protruded position of the mandible the anterior teeth are not 
in contact, then the overbite is not proportioned to the compensating 
curve and the length of the cusps of the distal teeth; or the compensat- 
ing curve has been arranged with too short a radius; or its distal end 
is below the line proper for-the compensatng curve. Adjustment of 
these defects may be made and the dentures returned to the mouth for 
confirmation of the changes. | 

The restoration of the facial contours and profile by the dentures 
should be tested at this time also and any alterations which may be 
indicated should be made. 


THE ARRANGEMENT OF TEETH IN ABNORMAL PROTRUSION 
OF THE LOWER JAW. 


“Tn the preceding illustrations and text the attention of the student 
has been directed to normal conditions, and the normal arrangement 
of artificial teeth with those conditions, in order that he may familiarize 
himself with the various methods and principles involved, and be 
able to modify them in the treatment of abnormal cases. 

“Fig. 187 shows an extremely abnormal relation of the alveolar ridges 
and one requiring a considerable modification of the usual methods in 
order to arrange the teeth in a manner at all satisfactory. A protru- 
sion of the lower jaw, however, with certain limits may be met with 
occasionally, and a normal arrangement of the teeth obtained, provid- 
ing that other conditions are favorable to it. But, before attempting to 
arrange the teeth in such cases, and while the patient is still at hand, 
the operator must: make some careful observations. 

“First, to ascertain whether the lower teeth can be retracted suffi- 
ciently to obtain an overbite without interfering with the movements 
of the tongue. 

“Tt is seldom possible to adjust the lower teeth toward the tongue 
further than the center of the edentulous ridge. If such an operation 
is attempted, the movement of the tongue will not only be impeded and 
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speech impaired, but the stability of the denture will be affected by 
the tongue constantly pushing against it. 

“Second, it must be ascertained whether the tissues of the upper lip 
are sufficiently lax to permit of bringing theupper teeth tothe necessary 
distance forward from the alveolar ridge to obtain an overbite. 

“Third, will the removal of the superior incisor teeth from the alveolar 
ridge cause a continual loosening of the denture by excessive leverage 
on these teeth? 

“Fourth, whetherthe attempt to obtaina perfect profile will effect too 
radical a change in the patient’s appearance. 


Fic. 187.—Showing extreme protrusion of the lower jaw, and with antagonizing casts 
on the anatomical articulator. 


“Fig. 188 illustrates the arrangement of teeth necessary in case of 
protrusion so extensive as in Fig. 187. The upper incisor teeth are 
arranged to close inside of the lower, with their labial surfaces gliding 
closely on the lingual surfaces of the inferior incisors, the incisive’ 
function being performed in a reverse manner to that of a normal 
arrangement. 

“When the upper canine tooth is reached, the first attempt is made to 
merge into a normal arrangement. 

“This tooth is placed with its anterior cutting edge covered by the 
lower canine, while the distal cutting edge is turned labially and 
ground so as to strike directly on top of the mesial cutting edge of the 
first lower bicuspid. The first upper bicuspid, is ground and brought 
out slightly more than the canine, and from this point distally the 
teeth assume their normal position. In order to obtain a graceful 
arrangement in such a case as seen in Fig. 188, it will be necessary 
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to do considerable grinding and lapping of the upper teeth, which is 
not at all unsightly in this character of case.’”! 

It will sometimes be found necessary in cases of lower protrusion, 
when the difference in size of the jaws is too great, to use what is 


Fig. 188.—Showing the arrangement of the teeth necessary in a case when the lower 
teeth close outside of the upper. 


called a “cross bite.’ In such instances a normal occlusion would 
demand that the upper teeth be set too far off the ridge buccally, or 
the lower teeth too far off lingually. To avoid this and provide a 
better mechanical arrangement, the posterior teeth may be reversed. 


Fic. 189.— Arrangement of teeth in a case of ‘‘cross bite.”’ 


After the anterior teeth have been set, the distal teeth are arranged 
in the following manner: The upper right posterior teeth are placed 
on the lower left side, the upper left posterior teeth on the lower right 
side, the lower teeth being similarly transposed to the upper plate 


1 American Text-book of Prosthetic Dentistry. Second Edition, p. 412. 
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to occlude with their corresponding teeth. This change necessitates 
the omission of the first bicuspid from the upper plate to provide for 
a proper interdigitation of the cusps. A balanced articulation is 
usually possible (Fig. 189). 

“The facial expression following such an arrangement of the teeth will 
be improved. In marked protrusion of the lower jaw, where the 
natural teeth close outside of the upper and when this condition has 
existed up to middle life with natural teeth, a correction of the facial 
expression with artificial teeth should not be attempted.’”! 


THE ARRANGEMENT OF TEETH IN ABNORMAL PROTRUSION 
OF THE UPPER JAW. 


In the arrangement of teeth of a full upper and lower denture in 
protrusion of the upper jaw, it is seldom possible to secure the ideal 
relations existing between the teeth of the two series when the jaws 
occupy a normal relationship. In most instances in which the lower 
jaw had a retruded position when the natural teeth were in place, 
after their loss, with the consequent resorption of the alveolar process, 
the increase in the angle of the mandible, and its forward movement, a 


Fig. 190.—Casts of case of upper protrusion. 


normal relationship between the two series can be obtained. A few 
cases present themselves, however, where the placing of the artificial 
teeth in somewhat the same relative positions occupied by their natural 
predecessors is necessary. In these cases the upper anterior teeth 
should have a slight lingual inclination (Figs. 190, 191, 192, 193, 194). 
The lower anterior teeth should not be placed in occlusal relations with 


1 Loe. cit. 
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them, if it is necessary to give them a labial inclination. The lower 
teeth are to be made to bite upon the lingual surface of the upper plate. 


Fic. 192.— Dentures illustrated in Fig. 191 in mouth of patient. 


The molar and bicuspid teeth are to be articulated according to the 
anatomical principles already outlined, wherever this is possible. In 
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every instance the cusps should be made to interdigitate, even if this 
requires the placing of the lower teeth the width of a cusp distal to their 
normal position. This condition of occlusion is frequently observed 
in the natural dentures. 


Fic. 193.—Front view of patient; same as Fig. 192. 


Fria. 194.—Side view of patient; same as Fig. 192. 


The commonest cases of retruded lower jaw which present for treat- 
ment are those with the natural teeth remaining in position and pre- 
venting, by the nature of their occlusion, the forward movement of the 
mandible. In these instances the difficulties of obtaining good occlusal 
relations between the teeth are greatly increased, and usually the 

_ operator has to be satisfied with an arrangement far short of the ideal. 
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THE ARRANGEMENT AND ARTICULATION OF A FULL UPPER ~ 
DENTURE TO NATURAL TEETH. 


Cases frequently present themselves for treatment in which the 
patient has lost all of the upper teeth, while all or a large number of 
the lower remain in the mouth. While the general principles under- 
lying the articulation of teeth for full upper and lower dentures are 
applicable in these cases, certain additional considerations are to be 
noted. 

When all the lower natural teeth remain, the articulation of an upper 
artificial set is a comparatively simple matter. One of the two series of 
teeth is in place; it is only necessary to arrange the other to accord 
therewith. While it is usually necessary to mount the casts in correct 


Fie. 195.—Full upper denture arranged to occlude with lower natural teeth. 


relation with the joint of an anatomical articulator which has been set 
according to the movement of the mandible for the case in hand, yet the 
necessity for so doing is not so great as in full dentures. This is because 
of the fact that the forms of the occlusal surfaces of the natural teeth are 
either in accord with the jaw movement, usually in such cases having 
been much worn, or if they are not, they cannot be altered, and the 
form of the occlusal surfaces of the artificial teeth must be largely deter- 
mined by them. Still it is preferable to use the anatomical articulator, 
because the occlusal relations may be more certainly determined. 

In the arrangement of the anterior teeth advantage may often be 
obtained by placing them in edge-to-edge occlusion with the lower teeth 
(Fig. 195). They are ground to articulate upon the worn edges of the 
lower teeth and must be made to accurately fit these edges as if they 
had been worn into shape in the mouth. This arrangement enhances 
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the stability of the plate by avoiding the leverage due to an overbite 
but is not possible in every case, because the distance between the lower 
teeth and the upper alveolar ridge may not permit the placing of a tooth 
of the proper size. Nor is it indeed always advisable from consider- 
ations relative to appearance. The arrangement of the artificial teeth 
with an overbite is demanded in such instances, but the overbite 
should be as short as possible. Where the lower jaw occupies a 
retruded position, however, it may be necessary to have a long overbite 
with a lingual inclination of the upper teeth, but in such instances, a 
firm retention of the upper plate should be assured and a space left 
between the upper and lower teeth to avoid displacement of the upper 
denture. 

The molar and bicuspid teeth should be ground to correspond to the 
state of wear of the natural teeth and should be made to occlude evenly 
upon them. Many dentures of this type are seen in which the teeth 
have been articulated without alteration of their form, the long sharp 
cusps of the artificial teeth occluding upon much abraded lower natural 
teeth. The functional disadvantage of such an arrangement is 
manifest. 

Where only the lower anterior teeth remain, and these cases are of 
common occurrence, the principles already laid down for the correct 
articulation of the artificial teeth may be followed out almost com- 
pletely. It will be remembered that the lower anterior artificial teeth 
in full dentures are the last ones to be placed in position. In the case 
under consideration the natural teeth serve as a starting point in the 
arrangement of the artificial teeth, which latter may be made to accord 
with the former. ‘The slight settling of the lower partial denture should 
be borne in mind and anticipated by arranging the upper teeth just 
short of occlusion with the natural organs. 

This type of case illustrates particularly well the necessity for com- 
plete restoration in every case which presentsitself. In these instances, 
if the lower partial denture is not made, the whole function of mastica- 
tion is thrown upon the natural teeth and the upper plate. In the 
course of time the pressure upon the anterior portion of the upper plate 
will cause a resorption of the alveolar process underlying it. The 
mucous membrane in the anterior part of the upper jaw will become 
soft and spongy and readaptation of the plate may be necessary. This 
latter procedure will be complicated by the softness of the tissues 
over the absorbed process, and it will be difficult to obtain satisfac- 
tory results. On the other hand, if a lower partial denture had been 
inserted, the condition alluded to would have been avoided. 


TEMPORARY DENTURES. 


While in the strictest sense of the term all dentures are temporary, as 
greater or less change is constantly going on in the process, reference 1s 
here made to dentures inserted within a short time after the extraction 
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of the teeth. Temporary dentures are to be advised in every instance 
in which there is not some contraindicating condition. They may be 
inserted either immediately after the extraction of the teeth before the 
inflammatory reaction incident thereto has subsided, or they may be 
inserted after the inflammation has ceased and before the resorption 
of the process has appreciably progressed. They serve to provide the 
patient with a masticatory apparatus and avoid a period in which the 
patient is seen without teeth. : 

The selection of teeth appropriate for these cases has already been 
discussed. If it is desired to insert the plate immediately after the 
extraction of the teeth, an impression must be taken and a cast made 
with the natural teeth in situ. The plaster teeth are then cut from 
the cast, which is carved to represent the conditions after the teeth 
shall have been extracted, The anterior artificial teeth are to be 
mounted in the sockets of the natural ones. The cast is carved to 
permit this. Anticipating to some degree the resorption of the external 
plate of the process, the artificial teeth are to have the portions which 
are to be in relation with the cast so ground that their necks project 
into the socket, and yet after the external plate has been resorbed, 
they will be in relation with the labial surface of the process. The 
distal teeth are to be mounted in the usual relation with the alveolar 
ridge. The buccal portion of the plate is to be made as for full dentures, 
but should not extend farther forward than the center of the first 
bicuspid. Of course no portion of the plate is to extend over the 
unresorbed process anteriorly. 


II. VOICE AND SPEECH RELATIONS. 


It is desired that artificial dentures shall restore any lost portions of 
the apparatus necessary in the production of articulate speech, and, in 
addition, shall offer no impediment to the normal articulation of 
sounds. It is desired also that they shall produce the least possible 
alteration in the tones of the voice. 

It has been seen in Chapter I that the loss of the teeth and the 
changes in the surrounding tissues incident thereto, cause but slight 
alteration in the quality of the voice, that speech is chiefly affected by 
these conditions, and that the production of the vowels is less affected 
than the production of the consonants. It was seen, further, that the 
chief alterations of conditions affecting consonant production are the 
loss of the tissues upon which the current of air is projected, or of those 
at the site of which the current of air is stopped, and the loss of tissues 
concerned in the formation of the channel through which the air is 
forced. It is with the remedy of these conditions that we are chiefly 
concerned, and at the same time the artificial denture must be designed 
to offer the least possible impediment to the articulation of all sounds. 

Slight alterations of the tones of the voice will occur when any 
artificial denture is placed in the mouth of a patient. These are, in 
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many instances, so slight as to be indistinguishable, while in others the 
difference may be sufficient to be appreciated. ‘This consideration, 
however, is of comparatively small importance in the design of dentures, 
for the reason that it is impossible to place an appliance of any sort in 
the mouth without producing some slight changes in the voice tones. 
Thinness of the plate which covers the palatal vault contributes more 
than anything else to a retention of the normal voice qualities. It is 
for this reason that a metal plate causes less change than a plate of 
one of the molded bases. 

In designing a denture to fulfil all the requirements of speech, the 
following fact must be noted: The factors concerned in the speech 
relations of a denture are the form, location, and arrangement of the 
teeth, and the lingual conformation of the upper and lower dentures. 
_ These factors are to be so adjusted to the case in hand as to permit a 
free movement of the tongue, and the correct formation of the air 
channel, and provide for the obstruction of the air current at the proper 
_ places. 

Fortunately the form and arrangement of the teeth to answer the 
requirements of appearance and food preparation, in general, best 
serve the ends to be desired from the standpoint of speech production. 
There are a few exceptions to this principle which are to be noted. 
The arrangement of the upper and lower anterior teeth with a slight 
space between them to prevent contact and consequent displacement 
of the denture, recommended by some practitioners, interferes occa- 
sionally with the articulation of the sounds in which the current of air 
is interrupted at this point. The tongue is called upon to close up the 
deficiency caused by a lack of contact of the teeth in the production of 
the sound, for example, an adjustment which it is usually possible for it 
to execute. 

The bicuspids and molars for considerations of plate stability fre- 
quently intrude upon the space required by the tongue in its adjust- 
ments; a consequent cramping of this organ occurs with a certain 
thickness of speech which persists until the individual has adapted 
himself to the abnormal conditions. 

Freedom in the movement of the tongue may sometimes be prevented 
by an impingement of the plate upon its frenum. It has already been 
seen that this condition is to be avoided upon another ground—that of 
the displacement of the denture. 

A common error in the conformation of the lingual surface of lower 
plates causes a limitation to the movement of the tongue. Where the 
lower molars and bicuspids are placed to the lingual side of the ridge 
to occlude with those of the upper jaw in mouths in which great resorp- 
tion of the process has occurred, the narrowness of the plate restricts 
the tongue movements necessary to correct articulation. It not 
infrequently happens that the lower plate itself intrudes upon the space 
proper for the tongue. These conditions are to be avoided if possible. 
It is often necessary to compromise the demands of plate stability with 
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those of speech production. This situation arises in a large number 
of lower dentures constructed for months in which considerable 
resorption of the process has occurred. In these instances the arch of 
the teeth should be as wide as is consistent with plate stability, and at 
the same time the lingual surface of the lower plates should be made as 
concave as possible to provide adequate space for the tongue. It is 
in these cases that the employment of the “cross bite” is particularly 
valuable. 

When the lingual conformation of the upper plate copies as accurately 
as possible the form of the natural tissues, the conditions most favor- 
able to articulation are established. Large numbers of vulcanite 
dentures are made with a smooth dome-shaped lingual surface, to which 
the tongue can adapt itself in the formation of the air channel with less 
ease than if the conformation of the natural tissues were reproduced. 
In the formation of the TH, T, D, S, SH, C, Z, ZH sounds, the sides 
of the tongue are curled up to come in contact with the teeth and 
adjacent alveolar process to form the channel through which the air 


Fic. 196.—Lingual surfaces of teeth reproduced in vulcanite. (Fine.) 


escapes. It has been seen that the form of this channel largely deter- 
mines the consonant sounds. While the tongue can adapt itself to 
changed relations of other tissues taking part in the formation of this 
channel, as the enunciation of patients wearing dentures constructed 
regardless of these conditions abundantly testifies, yet it is not wise to 
impose too much upon the tongue in this way. The more nearly the 
lingual surface of the plate corresponds to the form of natural tissues, 
the more readily will the tongue be capable of affecting correct adjust- 
ment to them. With this end in view it is advisable in vulcanite 
dentures to reproduce the lingual surfaces of the teeth, either by the 
use of teeth formed to reproduce the lingual surfaces of natural crowns 
or by the imitation of these surfaces with the vulcanite! (Fig. 196). 
The imitation of the ruge on the lingual surface is to be referred to 
presently. 

The projection upon the lingual surface of a metal plate caused by 
the vacuum-chamber seldom interferes with correct speech production. 
This is for the reason that if properly located and of only the required 


1 Dr, W. M. Fine, International Dental Journal, 
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depth, it does not prevent the formation of a sufficiently large channel 
for the air. The tongue, of course, has to adjust itself to this condition 
of affairs, but the adjustment is made with comparative ease. Further- 
more, if properly located, the vacuum-chamber is posterior to the point 
of interruption of the air channel in the formation of the T, D, 5, C, Z, 
SH and CH sounds. : 

The conformation of the lingual surface of the upper plate to facili- 
tate correct speech has been well described by Dr. George B. Snow. 
The following is requoted from a paper published in the Dental Adver- 
tiser in 1899. “Trouble is often experienced by patients in securing 
a clear and sharp S sound after they have commenced the'use of artifi- 
cial dentures. A peculiar whistling sound is produced. It is now 
proposed to give a short description of the mechanism by which these 
sounds are produced, and to draw attention to the importance of 
giving due consideration to the shape of the lingual side of the plate, 
if it is desired to secure clearness and ease of articulation of the sound 
above referred to. 

“Inspection of models of the upper jaw in which the natural teeth are 
in place will show that while the lingual surface of the bicuspids and 
molars practically forms a continuation of the lateral curve of the 
palatal arch, the alveolus behind the incisors is thickened. With the 
rug a nearly triangular space is oftened produced, bounded by a line 
connecting the distal surfaces of the laterals and the edges of the alveo- 
lar sockets. Viewed in longitudinal section, a reversed curve 1s pre- 
sented, extending forward from the hard palate and merging into the 
hollow outline of the lingual surfaces of the incisors. 

“Section of model from a mouth is shown in Fig. 197. 


ee 


Fie. 197.—Section through cast showing thickened alveolar process back of incisors. 


“In Figs. 198 and 199 an attempt has been made to show the relative 
positions of the tongue and teeth in making the S and SH sounds. In 
producing the SH sound (Fig. 199), the upper and lower teeth are held 
slightly apart; the tip of the tongue rests against the gum behind the 
lower incisors, its edges impinging upon the lingual surfaces of the 
bicuspids and molars at their junction with the alveolus. The result 
is a narrow passage over the center of the tongue, the narrowest portion 
being just back of its tip, the passage being thus gradually enlarged 
both behind and before its narrowest portion. The breath, being 
forced through this narrow passage, follows its curve, and is impelled 
against the tips of the lower incisors, the result being the SH sound. 

18 
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“In giving theS sound (Fig. 198), all the parts remain in the positions 
above described, except the tip of the tongue, which is curved upward 
to the alveolar border on the lingual side of the upper incisors, making 
the passage smallest at its outlet and projecting the current of air 
against the upper incisors. It will be found by experiment that if the 
tongue is drawn backward a little from the position described, the his- 
sing sound will be changed to a whistle. It will be noticed that the 
shape of the palatine arch is such that the tongue can readily conform 


oe 


Fic. 198.—Position of tongue in pro- Fie. 199.—Position of tongue in pro- 
nouncing 8. nouncing SH. 


to it, and that the passage between the tongue, palate, and alveolar 
border can be readily formed, by which a clear articulation of the 
sounds in question can be produced. | 

“As a contrast to the figures already shown, attention is directed to 
Fig. 200, which is a section of a fairly well made vulcanite plate. The 
teeth are well arranged, the joints close and well fitted, the finish good. 
It will be observed that the palatal curve, if continued, would meet and 
coincide with the curve of the lingual surfaces of the incisors, there being 
a break at the point of junction of the teeth and rubber; and this is so 


Fig. 200.—Section through vulcanite plate. 


abrupt that it would be impossible for the tongue to follow its outline, 
as it does the curve of the natural arch in Figs. 198 and 199. The 
reversed curve, shown in Fig. 200, is plainly out of the question. 
The sketch illustrates what is by no means an extreme case. With 
thinner teeth and a longer bite, the defect noted would be still greater. 

“Tf the imitation of Nature be carried far enough to reproduce the rugze 
upon the plate, it will be found to be a decided benefit both to articu- 
lation and in the management of food in mastication. When the lin- 
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gual side of the plate is smooth, the tongue has but little power to hold 
a morsel of food upon it, while with the ruge the food is easily held and 
managed. They are easily formed by burnishing a piece of heavy tin- 
foil over a model showing them prominently, filling the depressions in 
the tin-foil with wax or paraffin, and then fitting and attaching it to the 
trial-plate when waxed up and ready for flasking, leaving its edges 
turned up so that it will be held securely in the plaster when the plate 
is flasked. The surface of the vulcanite will come out clean and smooth 
and will require but little polishing. It will be found that a patient 
who has once become accustomed to the use of a plate made as above 
suggested will be extremely loath to return to the use of one as ordinarily 
made.” 


Ill. THE RELATION OF PLATE DENTURES TO THE 
EXPRESSIVE MOVEMENTS OF THE FACE. 


Besides restoring the fixed expression of the face, plate dentures must 
establish conditions which admit of the normal activity of its expres- 
sive movements. It has been shown in Chapter I that the following 
conditions resulting from the loss of the teeth affect these move- 
ments: A change in the relation of the jaws and the withdrawal of 
the normal support provided by the teeth and alveolar process for 
the lips and cheeks; the restriction of the movement of the lips and 
cheeks in the associated group of muscular movements which give 
expressional significance to the face. Artificial dentures are to estab- 
lish such conditions as will permit the normal operation of these 
movements. 

In the design of the dentures to answer the above-mentioned require- 
ments, the following factors are to be considered as promoting the 
desired ends. The relation between the jaws is established in the 
position of occlusion by the dentures. The support of the lips and 
cheeks is furnished by the positions of the teeth and the contours of 
the buccal and labial surfaces of the plates. 

While the correct operation of the muscular activities concerned in 
the expressive movements in which the mouth participates, is largely 
provided for, if the dentures answer other requirements Imposed upon 
them, it is necessary to call attention to the features of the dentures 
directly concerned in this relationship, in order that in the promotion 
of other purposes these considerations shall not be infringed upon. 
As with natural dentures, the lips should be capable of free and easy 
movement over the teeth and the labial surfaces of the plates. The 
_ margins of the dentures and their external contours should not encroach 
upon the line of action of any of the muscles concerned in these move- 
ments. The labial contours of the plates and the teeth should support 
the lips in those positions which are subsequently discussed as proper 
for the establishment of the fixed expressions of the face. They 
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should permit an easy gliding of the lips over them upon the contrac- 
tion of the various muscles centering in the orbicularis oris. 

The upper plate is the one mostly concerned in this relationship. 
Its upper margin should not impinge upon the attachments of the 
orbicularis oris in the incisive fosse. At the position of the canine 
tooth there should be enough of a prominence to afford a point d’appui 
for the muscles elevating and retracting the corner of the mouth. The 
upper margin of the plate should not be so thick as to prevent a direct 
line of action in the elevation of the lip by the levator labii superioris 
aleeque nasi and the levator labii superioris proprius. 

The lower denture should avoid in its anterior margin the face of 
action of the levator labii inferioris, which is placed to the side of the 
median line of the symphysis. 

An incorrect relation between the jaws would, of course, cause 
a limitation of these movements, if the distance established were too 
great or too small, and too great or too little prominence to the plates 
underlying the lips would cause a similar limitation to the expressive 
movements of the mouth. It will, of course, be seen that the conditions 
necessary for the correct operation of the movements concerned in 
expression, have been provided for by other considerations relative to 
the dentures. These several demands have overlapped in this particu- 
lar and the necessity for the correct construction of the dentures is, 
therefore, increased. 


IV. THE RESTORATION OF FACIAL EXPRESSION. 


The alteration in facial expression which succeeds the loss of the 
teeth has been described in Chapter I. One of the chief functions of 
artificial dentures is to restore this. By the insertion of artificial dent- 
ures the relation between the jaws should be correctly established, the 
contours of the lips and cheeks restored, and the teeth and those 
portions of the gums visible in the movements of the lips restored as 
nearly as possible to their original appearance. The various steps in 
the design and construction of the dentures which have already been 
described have served to promote these ends. 

The relation between the jaws in the position of occlusion is estab- 
lished when the bite is taken. At this time also a tentative fulness | 
which the plates should possess to restore the lips and cheeks to their 
original contours, is obtained. In the arrangement of the artificial 
teeth, the portions of the dentures visible in laughing and smiling are 
arranged so that the teeth correctly harmonize with the other features 
of the face. The court of final resort in determining the efficacy of 
these several measures should be the actual trial of the dentures in the 
mouth. It is now proposed to discuss the various details of the dent- 
ures which are related to the restoration of facial expression. 

The primary object which artificial dentures should have from the 
cosmetic standpoint is the establishment of the appearance which the 
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patient would have if the natural teeth had remained. This is, of 
course, however, subject to the slight exceptions which have already 
been mentioned in this chapter, but in the main, this is the purpose in 
view. It has aready been shown that complete data for the execution 
of this motive are lacking in nearly every instance. ‘The circumstances 
most favorable for the exact establishment of such a condition are the 
recent extraction and preservation of the teeth of the patient for 
reference, and the possession of photographs taken shortly before the: 
teeth were lost. Even to these data must be added an allowance for 
the effects ensuing, if an appreciable period has elasped between the 
restoration and the time to which the original data referred. 

For the most part the restoration of appearance must be undertaken 
with data secured at the time the dentures are made, which are the only 
source of reference. These data are to be obtained almost solely from 
the patient. They may be occasionally supplemented by reference to 
other members of the family of the patient, whose physical similarity 
so corresponds as to make their use of service. A brother or sister, 
for example, or a son or daughter, may sometimes be possessed of 
characteristics resembling those of the lost tissues of the patient which 
will furnish reliable information in these particulars. The accuracy of 
this resemblance should be positively ascertained before it is utilized 
for this purpose. Some general considerations relating to the restora- 
tion of facial expression may not be out of place. 

While the majority of faces which require restoration by prosthetic 
means cannot by any artifice be made to correspond to the regular con- 
ditions of profile and contour established by the ideals of art, yet these 
latter should be a possible goal, nearness of approach to which is only 
limited by the particular conditions found in the individual case. The 
attainment of this ideal is neither to be hoped for nor expected, because 
of the natural limitations which the conditions of each case impose. 
In the lack of definite information as to the conditions originally 
existent in the individual case, the effort should be to exhaust the 
information furnished by the tissues as to the original condition, and 
then to complete the restoration along lines consistent with the artistic 
ideals. 

The student will find the following quotation from John W. Vander- 
poel’s “Drawing and Construction of the Human Figure’! of value 
in arranging the contours of the lips, and should read it in connection 
with Figs. 201 and 208, which illustrate a patient with correct facial 
contours established by a full upper and lower denture. He says, 
“Beginning with the front view, note the convexity of the mass of the 
mouth as affected by the teeth; this means that as the corners are 
farther back than the middle, the curvature of both lips in their 
approach to the corners partakes of foreshortening. Irrespective of 
the view, establish the relation of the corners to the middle. This 


1 The Sketch Book, July, 1903, p. 25. 
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is exceedingly important, as it relates to symmetry in its construction 
and action, as well as to expression and character. In anormal mouth 
the corners are slightly lower than the middle. Though the mouth is 
convex in the mass (except at the corners where the lips dip into a 
depression), it is differently expressed in each lip. The mucous por- 
tion of the upper lip is divided into two equal parts or planes, of 
greatest width in the middle, retreating in diminishing thickness with 
a downward course to the depressed corners. The lower lip on the 
other hand contains three planes, the central one extending well on 
each side of the middle of the upper lip, and flanked by a minor one 
on each side, rising to an acute angle at the corner. The planes of 
the upper lip are comparatively flat, while those of the lower are very 
convex. 


Fig. 201.—Profile view of correct facial contours established with artificial denture. 


“The length of the upper lip has its origin at the middle cartilage of 
the nose in the form of a depression, which widens as it descends, and ~ 
terminates in the delicate angle of the middle of the upper lip. The 
center of this angle forms the most forward part of the mouth. This 
angle is repeated in the contact of the upper lip with the lower immedi- 
ately below this point, although the angle is more obtuse and a little 
flattened, showing how the upper lip clasps the lower as it overhangs 
it. The lower lip rolls outward and is apt to be full and convex in 
proportion as the concavity below it is deep. ‘This depression or 
length of the lower lip divides perceptibly and forms at its base the 
upper border of the chin. . Through a study of the profile, which is 
equivalent to the section, these facts are more easily understood. Note 
first the backward sloping plane from the nose to the base of the chin, 
and in it find a series of steps, the upper lip overhanging the lower, 
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and the lower the chin. Note the concavity in the length of both lips, 
and the convexity of their breadth or mucous portion, greater in the 
lower—at least more rolling—all subtly connected with the adjacent 
parts of the face, particularly in the soft play at the corners. 

However, the student must fully realize that no matter how intimate 
his knowledge of a part may be, it is only of value when it coéxists 
with an appreciation of its relation to the entire structure.” 

The regular profile above described is that obtaining only with 
individuals the antero-posterior relation of whose jaws produces it. 
As the prosthetist has no control over the antero-posterior position of 
the mandible in his restorations, it is only in the cases in which this is 
normal that he may attempt to establish the relation of the lips 


Fia. 202.—Front view of patient with Fic. 203.—Profile view of patient 
full upper and lower artificial dentures in showing restoration of facial profile. 
place, showing restoration of facial con- Same patient as in Figs. 53 and 54. 


tours. Same patient as in Figs. 53 and 54. 


which is shown to be harmonious with such a jaw relationship. He 
should take note, however, of the commonly observed principle of 
profile that a projection of the lips, which is caused by a projection of 
teeth and process, is commonly associated with a receding forehead, 
and that in those individuals possessed of a more marked development 
of the frontal region in which the facial angles more nearly approxi- 
mate 90 degrees, there is less protrusion of the lips. 

The conditions of contour of the lips affecting the profile commonly 
observed in individuals with the jaw anterior or posterior to the above 
described relationship, should be observed. A common type of face 
observed is that with a retruded chin. In these cases the positions 
of the lips are altered from that above described to accord with such 
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a position of the mandible. This type of face is shown in Fig. 205. 
It will be seen by reference to this figure that the lips occupy approxi- 
mately the same relation with a line drawn from the base of the nose 
to the chin as they occupy in Fig. 201. In all cases where the jaw 
occupies this position this relation of the lips should be obtained. The 
upper lip must frequently be made slightly more prominent, but this 
only to be done when the contours of the alveolar processes demand it. 
(Figs. 204 and 205.) 

Cases are of less frequent occurrence in which the mandible is pro- 
truded. In an edentulous case of this character, beside the observed 
relationship. between the alveolar processes, the prominence of the 
cheek over the ramus of the jaw contributes to aid in the diagnosis. 


Fie. 204.—Front view of patient with Fig. 205.—Profile view of patient with 
full upper denture in place, showing restor- retruded chin; full upper artificial denture 
ation of facial contours. in place. 


In such instances the curves of the lips observed in cases with a normal 
jaw relationship do not exist. This is because of the nature of the 
support afforded the lips by the process and the differently inclined 
teeth and because of the muscular action which has been necessary to 
keep the lips closed. In such instances, therefore, the prosthetist 
can only, of course, hope to establish conditions of profile which were 
as good as those existing before the loss of the teeth. 

At the age at which artificial dentures are commonly necessary, the 
full and rounded contours characteristic of youth have usually faded. 
In individuals of this age who have not lost their teeth, these effects are 
likewise observable. The prosthetist, therefore, should take into 
account in his restorations the effect which age produces upon both pro- 
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file and contours, and should establish these in accordance therewith. 
A patient exhibiting the effects of the passage of time upon other fixed 
features of the face, yet displaying oral contours belonging to a previous 
period of life, would be an inexcusable anomaly. 

The effect of age in the absorption of the subcutaneous fat, in the 
atrophy of the skin, and the establishment of wrinkles in the face, has 
been described in Chapter I. No attempt, therefore, in the pros- 
thetic restoration should be made to alter the conditions clearly 
attributable to this influence. The lines about the mouth, for example, 
which have resulted from age, are not to be altered, while those which 
have ensued from the loss of the teeth are to be corrected as far as the 
prosthetist is able. 


Fig. 206.—Full upper denture with Fie. 207. — Patient with full upper 
elongate centrals, slightly inclined lin- denture: incisors irregularly arranged. 
gually. Same patient as Figs. 204 and 205. 


Finally, the prosthetist should utilize every minutia of information 
to be obtained from the patient and from the conditions of the tissues 
about the mouth. A full knowledge of the influence of time and of the 
influence of the loss of the teeth should be in his hands, and his efforts 
should be directed toward the reéstablishment of conditions, alterations 
of which have produced the observed changes. 

In discussing the details of the restoration of the contours of the 
mouth and cheeks, simplicity will be consulted by considering first the 
profile and then the contours of the face as viewed from the front. In 
establishing the profile in accordance with the principles above out- 
lined the following factors are to be taken into account: First, the 
relation of the jaws. This is determined tentatively at the time the 
bite is taken, concerning which it was said, that such a distance should 
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be established between the jaws and such a fulness of the bite-plates 
provided, that the lips rest in contact without restraint and display an 
equal amount of mucous membrane. Although the contact of the lips 
in the manner described as desirable, is influenced both by the distance 
between the jaws and the fulness of the bite-plates, these two factors 
should have been so adjusted that the amount of protrusion of the lips 
desirable in the case in hand is obtained. If this has been satisfactorily 
done and dentures constructed to accord with the forms of the bite- 
plates, no alteration in the distance between the jaws will be necessary. 

The base of the upper lip, in relation with the nose and the upper 
part of the face, is fixed. The chin and tissues up to a point opposite 
the point of reflection of the mucous membrane of the process to the 
lower lip are also fixed. The amount of outward inclination of the 
upper lip, its curve, the amount of mucous membrane displayed, the 
position of the lower lip, as related to the upper, and the sulcus mento- 
labialis are the factors which may be adjusted. The thickness of the 
lips is another factor which may be in some part taken as an index of 
their position, thick lips being usually associated with an outward 
inclination of the teeth and a projection of the lips, thin lips being 
usually associated with a less prominent position. For the most part 
‘the line from the base of the nose to the margin of the mucous mem- 
brane of the upper lip is approximately a straight line. It is curved 
inward where the margin of the lip is prominent, the curve being due to 
the difference in thickness of the lip at this point, and not to the con- 
formation of the supporting structures beneath. Where the lower 
jaw occupies a distal position, the lip may be either in a vertical line, 
, or may be slightly inclined backward. 

The sulcus mento-labialis, which imparts considerable beauty to the 
form of the lower lip, is caused by the greater thickness of the margin 
of the lower lip, by the contact of the upper anterior teeth with its upper. 
surface which serves to roll it slightly outward, and by the intimacy 
of attachment of the skin of the chin to the mandible. This curve is 
to be established, if possible, but where great absorption of the fat has 
occurred, or in some cases from an original disposition of the parts, 
this is not possible. 

The amount of mucous membrane displayed by the two lips should 
be equal in cases with a normal relationship of the jaws. In individuals 
with a retruded lower jaw more of the mucous membrane of the upper 
lip will be displayed than of the lower. Where the lower jaw is. 
protruded, there is likewise a corresponding difference in amount of 
membrane visible. 

Viewing the face from the front the following points are to be noted: 
The line marking the point of contact of the two lips. This is affected 
by the natural configuration of the lips, by the distance between the 
jaws, and by the amount of projection of the structures supporting the 
lips. Unfortunately, at the age at which plate dentures are necessary 
the fine lines characteristic of youth are frequently so altered that the 
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establishment of these lines in their most beautiful form is impossible. 
Of course the original condition may have been such that this is not 
possible. The ideal cupid’s bow, shown in Fig. 208, is that to be sought 
in all cases, but ordinarily only a straight line of separation may be 
obtained. This should preferably occupy a horizontal plane as it 
does usually in the natural condition, although cases are frequently 
seen in which the distal ends of the line are at a lower level than the 
middle. This latter condition may be produced if the jaws have been 
established too close together. Where it existed originally, of course, 
no improvement can be made. 

The philtrum is frequently obliterated by the falling in of the tissues 
after the loss of the teeth, if age has not already had this effect. The 
prosthetist probably has no influence over the formation of this 
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Fic. 208.—Full face, showing good contours and lines. 


groove other than, if the lips are put upon too great a strain, it may be 
further obliterated. The same may be said of a prominent tip or 
tuberculum of the upper lip. Both age-and the loss of the teeth serve 
to straighten the line of separation between the lips and obliterate this 
prominence, while in those cases in which this effect has not ensued, the 
tuberculum should be preserved by imposing no great strain upon the 
lips. 

The canine eminence will usually require considerable restoration 
with the artificial dentures, because of the large amount of resorp- 
tion of the process which occurs at its site. The temperamental type 
of the individal will assist in affording information in determining the 
amount of building to be undertaken at this point. Individuals of the 
bilious temperament and its various combinations will require promi- 
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nent canines and prominent portions of the plate overlying this tooth. 
In the individual case reference should be made to the naso-labial 
fold, which is usually accentuated both by age and the loss of the teeth. 
Ordinarily it extends from the base of the ala of the nose with decreas- 
ing depth to a point slightly below the corner of the mouth. The 
building out of the canine eminence will increase or decrease this fold 
by elevating the lips to the level of the cheek tissue adjoining the upper 
margin of the fold. In determining the fulness to be established here, 
reference should also be made to the already established inclination 
of the center of the lips. 


Fia. 209.—Wax model of denture with extensive contours. 


In instances in which the wrinkles radiating from the mouth and 
caused by loss of the teeth have been of long standing it will be impos- 
sible to eradicate them by the placing of the denture. Much improve- 
ment will occur after the use of dentures properly restoring the contours, 
but immediate correction of the defects in the surface of the skin can- 
not be expected. This is also true of the groove frequently observed 
descending from the angle of the mouth toward the chin, but the 
plates should remove these wrinkles as far as possible. 


CHAPTER VIII. 


ESTHETIC CONSIDERATIONS IN THE CONSTRUCTION OF 
ARTIFICIAL DENTURES. 


By NORMAN &. ESSIG, D.D.S. 


THE ROLE OF ART IN PROSTHETIC WORK. 


TuE field of art as it pertains to dentistry is an unusual one in 
many ways. It demands accuracy and truthfulness even to a greater 
degree than in other departments. It embodies the beautiful in its 
most artistic form as well as reproduction of the defects of Nature. 
While the ideal in the organs of mastication and their relation to 
facial harmony should be the aim of the artistic operator, the repro- 
duction of irregularity and discord, with the effects of accidents and 
pathological changes is more often his task. 

Thus far there is no formula, and after a given point any attempt 
to classify this work fails of its purpose. The prosthetist, therefore, 
must regard his subject from a distinctly artistic standpoint in order 
to make his ideals applicable to his needs, because art means simple, 
truthful reproduction of natural conditions. It is not, however, a 
difficult phase of dentistry if the underlying principles and point of 
attack are firmly established in the mind of the operator in the begin- 
ning of his task. There are endless possibilities in this field, the 
only restriction being the limit of personal attainment in working 
out scientifically the problem of anatomical and artistic reproduction. 

The artistic touches which are necessary in the different cases pre- 
sented to the prosthetist depend largely upon his own ability and 
general sense of the appropriate in order that he may see what is 
needed and: make the artistic touches necessary to restore the appear- 
ance after it has been marred by the loss of the organs of mastication. 
Hence, the reproduction of the teeth in the human mouth must include 
the defects as well as normal conditions if the result is to be truly 
artistic. 


SCIENCE IN PROSTHESIS: BIOLOGICAL, MECHANICAL. 


Each patient who wears an artificial denture should have, and is 
entitled to, the free and untrammeled mandibular movement which 
is his own individual characteristic in performing his masticatory 
excursions. It is a composite of all the muscular movements of the 
wearer in performing the act of mastication. The musculature of 
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the mandible in its function not only reveals the individual charac- 
teristics which are of definite scientific and artistic value, but must 
demonstrate the law of adaptation of organism to function rather 
than the adaptation of function to organism. This should be a con- 
trolling factor in dental prosthesis whatever the relations may be in 
other departments of biological activity. 

From a biological standpoint it is impossible to establish an exaet 
system of classification for the teeth of man, because Nature does not 
maintain uniformity of standard. 

In the study of mechanical science we have for the field of investiga- 
tion that department which treats of exact measurements and pro- 
portions. 

Denture making is like other artistic crafts in that the principles 
which govern its practice should be sound and rational from the 
mechanical as well as the artistic point of view, nor is It necessary to 
complicate the application of these principles in denture construction by 
irrelevant additions to what is absolutely required in the technic of a 
successful prosthesis. 


NATURAL TEETH. 


In studying the anatomy of human teeth and their classification 
we must accept without reserve several scientific facts which have 
been brought out and established within the last few years by Dr. J. 
Leon Williams. The result of his investigations revealed conclusively 
that there are three fundamental types, and as yet nothing has been 
discovered to show that racial characteristics and environments have 
in the past done anything to greatly modify these three basal types, 
so long as men and women married according to tribal and religious 
laws. It seems reasonable to suppose that the greatest change began 
when these laws were no longer observed and the various branches of 
the human race began to intermarry into other races or tribes of 
distinctly different characteristics. The marriages of today are so 
heterogeneous that, of all nations, we of the United States have devel- 
oped greater variation, and have greater recourse to orthodontia as 
a means of correcting the irregularities. 

The three types to which Dr. Williams has been able to trace each 
variation are determined by the fact that they conform to the parallelo- 
gram, the triangle or pyramid, and the rhombus or circle. The 
diagrams and photographs reproduced in Fig. 210 will show clearly 
these conformities to their fullest extent, and the order in which they 
occur: 

1. The mesial and distal approximal surfaces approximately parallel. 

2. The approximal surfaces converging at the neck and diverging 
at the cutting edge. 

3. Composed of a number of curves conforming to the circle, and is, 
generally speaking, rhomboidal in character. , 

It is the purpose to call attention to the fact that all variations from 
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the true type are a composite of at least two fundamental types, and 
it is indispensable that the typal forms should be recognized and 
defined so as to classify, not only the crossings or blendings of the true 
types, but the basal types themselves. Thus being able to determine 
upon and identify the basic types, it is possible to divide a tooth in 


eee 
ee 


2 
Fig. 210.—The three typal forms taken from record models. 


halves through its long axis and examine each half separately without 
reference to the other (Fig. 211). It will be readily seen that the 
greatest variations in the true type occur in the distal half, the mesial 
half showing much less variation. 

The possible fourth type, which is sometimes mentioned in addi- 
tion to those more definitely established, resembles more closely the 
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unmodified type of the young adult just at the period of complete 
eruption. This tooth does not project through the soft tissues fully 
to the enamel line, and shows no neck whatever but appears to be of 
a shorter thicker type, having fewer compound curves, although upon 
extraction it may more.closely resemble the other classified types. 


Fia@. 211.— Analysis of typal forms. 


No.| No.2 No.3. 


I+2 2t! 243 1+3 


I+2 25 


Fic. 212.—Illustrating the manner of superimposing the stock teeth over the templet 
j outline for reforming the teeth. 


By the use of a templet accurately conforming to the lines. of each 
type, we are able by tracing one over the other to see clearly their 
varying curves and the points at which their greatest difference occurs 
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(Fig. 212). This device should be of immense value to the prosthetist, 
as it opens the way to special modifications of the true types in the 
selection of appropriate and harmonious teeth. 


Fig. 213 Fig. 214 


Figs. 213 and 214.—TIllustrations of the fully erupted teeth of young adults which 
show no effort on the part of Nature toward automatic readjustment or wear, either 
approximal or occlusal. 


Variations.—It will be found upon the examination of a number of 
mouths that a great variation exists between the teeth of the right and 
left sides. The apparent balance or symmetry which is found in the 
teeth of the young adult is more noticeable at that period than at 
any other time before wear, either approximal or occlusal, begins | 
to manifest itself (Figs. 213 and 214): Later, after these changes 
take place, the difference in the anatomy of the teeth, when considered 


Fic. 215 Fig. 216 


Fias. 215 and 216.—Illustrations of teeth expressing characteristic identity, approximal 
wear, and the automatic rearrangement. 


in pairs, becomes more marked. Their placement on the ridge has 
‘much to do with these variations because it controls and still further 
modifies the wear (Fig. 215 and 216). The structure of the tooth has 
not only a bearing on mutilation by wear but is often responsible in this 
way for the different degrees of modification in its anatomy. Modifica- 
tion may be noticeable upon the facial aspect as well, and eventually 
becomes more of a pathological change than an anatomical variation. 
19 
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Hie: 221 Fig: 222 


Fie. 223 Fria. 224 


i 


Pre. 225 . Fia. 226 


Fig. 227 . Fia. 228 


Figs. 217 to 228.—Lateral incisors which maintain the general type designated by the 
central incisors. 


Fig. 229 Fie. 230 


Fra. 231 Fie. 232 


Fias. 229 to 232.—Arbitrary and characterless forms of the lateral incisors as compared 
with the type represented by the central incisors. 
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The operator must thoroughly familiarize himself with mouth con- 
ditions, and in order to do this it is necessary to have recourse to 
data of some sort which may be used as reference. Inasmuch as 
this cannot be done by literature alone, a collection of record models 
taken from human mouths, tabulated and filed away with such nota- 
tions as may be necessary, will be of tremendous assistance. (Figs. 
217 to 232.) 

Characteristics.— While the teeth of mankind individually are com- 
paratively small, there is a strong and varied characteristic form and 
alignment, both individually and collectively, in every mouth we see. 

The variation in form is often greater than in size, and the difference 
in natural teeth, as we find them, is a very subtle one especially in teeth 
of a given type. For instance, the ovoid tooth in the one case may be 
much larger and narrower than in another, yet it is strictly a tooth 
abounding in curves, and may be classified absolutely with the ovoid 
type (Fig. 233). Again an ovoid tooth can be a short, broad one. 
Its profile may or may not have a curved surface. We often see a tooth 


Fig. 233.—Typical example of the ovoid type of teeth. 


whose general outline is ovoid, but which has a comparatively flat 
labial surface. This holds true in all three basic types and must be 
borne in mind when a selection of artificial teeth is made with the idea 
of maintaining harmony with the general outline of the face. 

Varied characteristic appearance is often manifested by the degree 
of recession which exposes to view much of the dentin at the cervical 
margin, commonly called the neck of the tooth, so that a short, broad 
tooth of the ovoid type presents a very different appearance when there 
is an extensive cervix. ‘This of necessity changes the appearance of 
the tooth even though the face remains identical and the tooth is not 
modified by wear. 

The lapping of the central incisors often robs the individual tooth of 
its particular characteristic lines, and the lateral incisors overlapping 
the centrals has much the same effect upon the disto-proximal position. 

The cuspid teeth, which vary in size and form regardless of the 
incisors, have great bearing on the characteristic alignment. ‘These 
teeth often bear but little resemblance to the general type and classifica- 
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tion of the central and lateral incisors and are most important factors 
in the characteristic expression of the face. Bicuspids and molars 
often bear little resemblance to the type expressed by the anterior 
teeth, and frequently are out of proportion in size. 

The six anterior teeth in the lower jaw possess less character, but fall 
in collectively and aid in giving characteristic expression by their 
position rather than by their form. When the lower cuspids are promi- 
nent, they appear much larger and often change materially the appear- 
ance of the mouth. 

Color.—We rarely find in natural teeth a variation from the yellow 
or brown as a fundamental basis for the selection of appropriate color, 
unless it be influenced by something which has come into direct contact 
with them. The interference with light transmission, the effects pro- 
duced chemically or otherwise by filling materials may give the appear- 
ance of a digression from these fundamental colors. 

There is a shade of a peculiar white appearance, very dense and 
very strong, frequently found in the mouths of those who have remark- 
ably good health and generally of blond coloring. Upon close exam- 
ination it will be found that the teeth are not really white, but are a 
light shade of yellow or brown, growing still lighter at the cutting 
edges. These teeth are not as prone to decay as those of a deeper 
yellow color. 

The upper central incisors are perhaps the most noticeable of the six 
anterior teeth, and the shade should be established at that point, 
the lateral incisiors are sometimes a trifle darker, and the cuspids 
the darkest, with the yellow shading extending further toward the tip. 
The bicuspids are usually lighter than the canines, but the shade of 
the molars is often somewhat broken. 

In partial cases where the color is established by the remaining 
natural teeth, the task is easier because the shade is supplied even if 
varying to a greater degree than is usually seen in full denture work. 
Where the anterior teeth and even bicuspids are selected from odd 
teeth, the effect can be greatly improved by a subtle variation in the 
shades of the individual teeth. 

It is not unusual to find very strong ing in the mouths of people 
who are the reverse of robust health, just as it is possible to find teeth 
that are soft and of poor construction in those having a high order of 
vitality. Thus it is that the variation in shade is as great and as 
arbitrary as anything else pertaining to the teeth. The prosthetist 
must not only rely upon his knowledge of the anatomy and physiology 
of the teeth to suggest the right shade, but he must be equally well 
informed from the biological and pathological aspects. 


SELECTION OF TEETH FOR EDENTULOUS CASES. 


Determining Color.—Color and shade must ever remain a matter of 
artistic judgment, though a dependable guide may be established 
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by using as a basis of consideration the fact that in youth the teeth are 
less dense and of a lighter shade, and with each succeeding year the 
dentin becomes more dense with a deepening of the shade toward a 
bone-like yellow. 


Fia. 234. Rag: (235; 


Fias. 234 and 285.—Record model of child (Fig. 234) used in the arrangement of the 
teeth of the parent. 


Fie. 236.—-Record model taken years before loss of teeth. 


Fic. 237.—Reproduction from record model shown in Fig. 236. 


The color of the skin often bears a marked similarity to that of the 
teeth, especially in the mouths of very young people. We find, 
however, in the mouths of patients past middle life, where other 
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influences have been at work to modify and change the color of the 
teeth, that the skin can no longer be taken as a guide. 


Fic, 238. : 


Fig. 239. 


Figs. 238 and 239.— Illustrating tremendous advantage of record model previously taken. 


Having adopted a rich bone-like yellow, which grades itself into a 
lighter shade at the cutting edges, as the ideal shade in perfect health, 
the intermediate variations from it may be used as the basis of our 
selection, and such gradations as are appropriate to the age of the 
patient should be determined upon as the case may demand. 
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REFORMATION OF PORCELAIN TEETH. 


In the selection of porcelain teeth from the stock available at our 
dental depots for the purpose of reforming them to adapt them to 
special cases, it is well to select the teeth most typical in character with 
the idea that from these, modifications and crossings can be better 
produced than from less typical forms. These teeth should be selected 
from the larger sizes in order that there shall be an abundance of 
material (Figs. 240 and 241). 


Fia. 240. 


Frq: 241. 
Fres. 240 and 241.—Stock porcelain teeth reformed to suit the individual. 


Where absolute reformation rather than slight modification is 
intended, the large conventional molds offer many advantages and 
should be treated as raw material (Figs. 240, 241). The latter process 
of course consumes more time, and requires a greater degree of artistic 
skill than slight modifications at designated points, though in any 
event we are but drawing with an abrasive wheel. : 

Many pleasing effects may be obtained by regrinding the large 
molds, making use of the combination of body and enamel which 
vary in shade. If the upper half of the face of the tooth is ground off 
so as to expose the body, which corresponds to the dentin of the natural 
tooth, leaving the enamel only on the point or cutting edge, very 
pleasing and unusual effects can be obtained when the tooth is 
repolished (Fig. 242). 

Porcelain teeth as we obtain them from the dental depots represent 
more truthfully the teeth of young adults than at any other age 
in the life of man, an age, generally speaking, far removed from the 
period when dentures or other appliances are required to replace the 
lost organs of mastication. 

A harmonious discord is often induced by the loss of one or more 
teeth, which in time causes a shifting of those remaining. This 
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produces a change in articulation, causing a marked change in align- 
ment and relation to the opposing teeth as shown in Figs. 238 and 239. 

It is advisable to use as far as possible the true basal types and make 
such modifications as are necessary to produce crossings when they are 
required; because the greater the variation from the true type in the 


Fig. 242.—Illustrating effect of grinding and refinishing porcelain teeth. 


beginning, the more nondescript the teeth are apt to become when 
further modified, unless a very large conventional mold be used and 
infinite skill be employed in a complete restoration. 
We therefore find that the three basal types, with a robust and 
typical cuspid, place in our hands every possibility for the exercise of 
practical skill and artistic ability (Figs. 243 and 244). 


Fic. 243. - Fiat 244; 


Fias. 243 and 244.—Showing the result of reforming the six anterior teeth from large 
molds. 


Nature abhors a straight line, and has formed the organs of mastica-: 
tion in a combination of the most subtle curves which at once subserve 
the purpose of strength, efficiency, cleanliness and beauty. It is, 
therefore, desirable to maintain these lines or curves with the utmost 
sincerity in artificial teeth, not alone for their hygienic and esthetic 
features, but because each phase of their construction embodies a 
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definite amount of efficiency and comfort to the wearer of an artificial 
denture (Fig. 245). 


Fie. 245.—Showing reproduction of gum recession and enamel cracks occurring in the 
natural teeth. 


General contour, profile, variation of shade, together with the 
reproduction of accidents of Nature will tend to accentuate or modify 
the appearance of the artificial teeth when in the mouth. Nature has 
made these features so cunningly interdependent that one is absolutely 
essential to the other, and a change of their relations produces radical 
transformation or rearrangement of harmonious and artistic identity. 
Whenever there are natural teeth alongside of which artificial substi- 
tutes are to be placed, our opportunity for securing harmony and pre- 
cision is much greater if we modify the true type of artificial tooth to 
suit the case (Figs. 246 and 247). 

When the patient is edentulous, and there is no model of the natural 
teeth to guide the operator, modification is necessary in order to pro- 
duce the required harmonious effects and a reproduction of those 
accidents of Nature which are so interdependent that the lines individ- 
ually and collectively fall away, together with that degree of concord 
whereby no one feature is given undue prominence. 

A limited stock of unmodified typal forms is desirable, both from the 
standpoint of the dentist and the manufacturer, and the more the 
dentist relies upon his ability to create crossings for special cases, 
the greater will be the artistic development along these lines. What- 
ever is done to break up regularity in shade or outline, the improvement 
will greatly outweigh the effort expended. 

It will not be advisable or necessary at all times to change the 
buccal or labial surfaces of the artificial teeth, because as has been 
said the modifications which are frequently seen in natural teeth have 
their greatest variation from the true type expressed upon the approxi- 
mal surfaces. | 

Modifications or digressions from type are easily and readily attained 
by slight grinding at certain definite points, and in this way wonderful 
effects may be produced by adding porcelain to a tooth at the desired 
point and later grinding it to suit the case in hand. This porcelain can 
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also be colored by means of mineral stains to make the tooth adequate 
to the needs of the case. 

In the analysis of a tooth prior to reforming it, the use of the templet 
previously referred to will be found to be most helpful, as it clearly 
designates the point of attack and accentuates the difference between 
the porcelain tooth, which is raw material, and the tooth we intend 
to reproduce, and as experience is gained in producing varied forms and 
modifications, the task becomes easier. 


Fic. 246. 


ie ZL 


Fias. 246 and 247.—Illustrating the modification of porcelain teeth which are placed 
‘alongside of natural ones to secure harmony. The left central and lateral incisors are 
artificial; the other teeth are natural. 


When the operator is fortunate enough to have at his disposal 
specimens of the true types, he is able to produce much better results 
with less effort and expenditure of time. 

The most vigorous type of cuspid tooth can be refined or modified 
without changing the dominant lines so as to make it appropriate 
for use where it is desired to give the impression of refinement or lack 
of physical force. 
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In the arrangement of porcelain teeth for any given case, the operator 
must remember that the personal touch of the one who comes in 
direct contact with the patient is at all times necessary, and that by 
his supervision he must govern and direct the completion of the case, 
otherwise there will be a lack of character which will result in failure 
from the artistic standpoint. : 

Lateral incisors, while often maintaining the same characteristic 
typal outline as the centrals, are very prone to be arbitrary in their 
development, and many times bear little or no resemblance to the type 
represented by the central incisors (Figs. 248 and 249). 


Fig. 248. Fig. 249. 


Fias. 248 and 249.—TIllustrating cases of father and daughter in which the variation is 
almost identical. 


The lateral incisors for the most part occupy only the space allotted 
to them by the centrals and canines during the period of development 
before eruption (Figs. 248 and 249). This, of course, is greatly influ- 
enced by the bony structure or surrounding integument, and as the entire 
denture does not erupt simultaneously, it is reasonable to suppose that 
the great vaviation is in part due to space arbitrarily allotted to them by 
the adjoining teeth, both of which are of a stronger and more robust 
character. 

It would seem therefore that the artificial lateral incisor teeth, 
as we get them from the dealers, are too large in proportion to the 
central incisors, and in appearance are more like small centrals than 
the teeth they are supposed to represent. They will, therefore, need 
more modification to harmonize them with the centrals and cuspids in 
our effort to impart a life-like appearance to the six anterior teeth. 


IMITATION OF WEAR. 


Attention should be given to the importance of approximal wear, 
as many of the so-called crossings or modifications of the true types, 
as we see them in the mouths of patients of middle age or older, are 
the result of approximal as well as occlusal wear. This probably 
accounts for the fact that, while children have what seem to be inap- 
propriate dentures entirely unsuited to their mouths, these teeth often 
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become more harmonious as time goes on and the approximal surfaces 
come into closer contact. 

As the individual grows older approximal wear keeps pace in propor- 
tion with the wear caused by mastication-and changes the appearance 
of the original tooth form by obliterating some of its curves. 

Strong characteristic, dominant traits acquired by mental or physical 
habits are usually manifested in some way in the teeth of man, and in 
most instances make themselves evident to the greatest degree in 
middle life by the particular way in which wear from use occurs; 
characteristic effects, either harmonious or otherwise result and the 
effects so produced become peculiar to the individual by the modifica- 
tion of the form and position of the organs of mastication. 

At the stage designated as the first degree of wear, rearrangement 
generally manifests itself by simple occlusal wear which modifies 
only the occluding surfaces and incisal edges, but when the second 
degree of wear is reached the approximal surfaces show attrition, the 
teeth are further readjusted, causing many times a marked modifica- 
tion in the conditions which were present in the same mouth at a 
previous period and producing what may be called a harmonious 
discord. 

OCCLUSAL WEAR. 


Occlusal wear plays a most important part in the life-like appearance 
of full denture work. Arbitrary “grinding in” in imitation of wear 
on cutting edges and occlusal surfaces unless logically done only attracts 
attention. Wear in the natural teeth only takes place on surfaces 
that come into direct contact. Mutilation by wear is usually the 
result of irregularity or loss of teeth, and it is just such conditions that 
are to be imitated in the artificial denture. 

When artificial teeth are set up irregularly they should be ‘‘milled in” 
with abrasive material, not only for the purpose of getting a smooth 
and regular excursion of the mandible, but also to produce proper 
modifications on the occlusal surfaces, particularly the cutting edges of 
the anterior teeth. 

If any one tooth in either the upper or lower jaw is given unusual 
prominence, there should be a corresponding prominence in the tooth 
which comes directly into contact with it. This tooth in the natural 
teeth because of its irregularity would undoubtedly become worn to a 
marked degree, unless due to its irregularity it had pushed the opposing 
tooth out of alignment, in which case there would still be more wear 
on the irregular tooth than upon its opponent because its cutting edge 
presents a smaller surface’ but travels over a greater surface. Thus 
we find that the “‘milling in” is of great service, both in efficiency and in 
the artistic effect. 

STAINING TEETH. 


The mere reproduction of form and outline of any given type 
of teeth is not sufficient to reproduce the denture of an individual case, 
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as there are many times other characteristic markings caused by 
Nature’s process, which may be classified as pathological conditions or 
surface inequalities due to interference with the normal sequence in 
the developmental stage. These defects are often made more notice- 
able as time goes on so that surfaces denuded of enamel, enamel cracks, 
and imperfections upon the surface are brought into unusual prom- 
inence by reason of discoloration, the result of habit or the inevitable 
deepening of shade as the individual grows older and the tooth struc- 
ture becomes denser. One of the most common causes for discoloration, 
however, may be said to be the anatomy of the tooth itself which 
provides an interdental space intended to be self-cleansing. The 
bolder portions of the teeth are being continually swept by the lips 
and cheek, and it is only those portions that are readily cleansed 
with the brush that are kept perfectly clean; so unless unusual care is 
taken and the brush is used with skill, the interspaces and those por- 
tions of the tooth which are more or less hidden become discolored; this 
in time has a permanent effect upon the general appearance. 


Fria. 250. . Fie. 251. 
Fics. 250 and 251.—Illustrating reproduction of erosions on the faces of teeth which 
have caused discoloration. 


Accumulation of sordes, tartar, the general condition of the fluids of 
the mouth, etc., may produce conditions which cause erosion of consid- 
erable depth that ultimately changes the surface and color of the face 
of the tooth, disclosing the yellower dentin underneath. Enamel 
cracks in the young adult are scarcely visible, but later on become 
stained by the use of tobacco or other materials taken into the mouth. 
These cracks often become characteristic markings, and after years 
form a considerable part of the identity of the individual (Figs. 252 
and 253). Therefore, so that where it is necessary to stain the porce- 
lain teeth in imitation of the natural ones, the first logical step is to 
reproduce the conditions which caused the original discoloration. The 
enamel cracks may be easily made by cutting thin, hair-like grooves 
on the faces of the teeth with a fine separating saw or file, after the 
surface has either been etched by hydrofluoric acid, or the highly 
glazed surface has been removed by the corundum wheel (Fig. 254). 

It is necessary to emphasize the fact at this point that mineral 
stains or paints used for this purpose will be removed in the course of 
time by brushing the artificial teeth with the toothbrush if the glazed 
surface is not first removed. It is therefore necessary before staining 
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to remove such surface caused by the burning of the porcelain tooth 
so that the coloring pigment applied will sink into the texture of the 
porcelain and remain fixed. It is also advisable, after reformation or 
modification of the porcelain tooth, to repolish with sandpaper disks 
and wood points armed with oxide of tin so that the surface may be 
partially reglazed by the fusing of the coloring pigment, thus giving 
a bone-like texture and making further polishing afterward unnecessary. 


HiGw252. Fria. 253. 


oe 252 and 253.—Showing reproduction of characteristic discoloration and ename 
cracks. 


Having determined that surfaces reached readily by the lips, cheek 
and toothbrush are more effectively kept clean because the soft 
integument continually touches the prominent points, we may imitate 
characteristic discoloration by the judicious selection of the mineral 
pigment, and applying it by means of a camel’s-hair pencil to the 
entire surface of the tooth. Then if the finger is passed over the 


Fic. 254.—Showing reformed teeth with broken surface color. 


face of the tooth and its surface gently wiped off, it will be found that 
only the prominent portions and those surfaces which are accessible 
are cleansed. ‘The coloring pigment will rest in the low spots, enamel 
cracks and eroded points, and the effect obtained is similar to that which 
takes place naturally in the mouth. By so doing we have but followed 
a sequence of events which produced the original discoloration. This 
does not require unusual artistic skill, and dees not necessitate the 
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application of coloring pigment at specific points, except where peculiar 
facial markings are indicated. 

There is often a characteristic cupping out of the incisal edges of 
the six anterior teeth which in smokers becomes markedly discolored. 
This often modifies the shade at the cutting edges and may be readily 
imitated by first making corresponding depressions in the artificial 
teeth with a disk or stone and filling them with stain, and repeating 
the wiping movement with the finger which leaves the deep color in the 
depressions (Figs. 250 and 251). This will have its influence, as 
in the natural tooth, upon the shade by reason of the fact that it will 
interfere with the transmission of light through the texture of the 
porcelain. Light spots may be imitated by grinding a depression at 
a desired point and restoring the contour by using the low-fusing 
porcelain. It is often necessary in obtaining the desired shade to fuse 
the stain more than once, especially if two shades are employed, 
because it is never desirable to mix mineral stains before applying them. 
Decorators of china depend largely upon the influence of one shade 
upon the other when burned separately, because of a tendency of these 
stains to become muddy if mixed together before they are burned. 

Almost all of the manufacturers of porcelain teeth have mineral 
stains for the purpose, though probably there is nothing better adapted 
to our purpose than the mineral paints used in the decorating of porce- 
lain-ware or china. ‘These pigments may be obtained from any dealer 
in artists’ materials, and are in tubes similar to other oil colors. ‘These 
mineral colors are usually mixed with oil of lavender or oil of cloves, 
and only require that the operator familiarize himself with their use 
and learn what color to select in order that their application shall 
give the desired shade when subjected to the heat of the furnace. 
Gradations of shade may be obtained by using the color strong or by 
thinning it out by means of the lavender oil. Any of the pigments, 
however, will turn black for the first two or three minutes before the 
mufile is brought up to the desired heat, which may be approximately 
set at 1750° or 1800° F. in any of the ordinary furnaces for baking 
porcelain inlays. ‘This is also a matter that requires but little practice 
to obtain uniform results, though it is desirable when possible to use 
a furnace having a pyrometer. The color if too strong may be sub- 
jected to higher heat and thus reduced in intensity, but ordinarily 
the teeth should be removed from the muffle as soon as the surface 
becomes glazed. ‘The glaze is never as brilliant as the original surface 
because the abrasive wheel and polishing media usually produce a 
more bone-like surface, which is greatly to be preferred, as in the mouth 
when the tooth is wet with saliva it gives about the same degree of 
brilliancy as the natural teeth. 

No doubt there is a relationship between the color of the teeth 
and that of the skin and that different factors contribute to determine 
this coloration, such as racial traits, climate, exposure to elements, etc., 
hence the skin might naturally be expected to assume a variety of hues, 
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but the internal organs depend on a different factor. Therefore, as 
the teeth belong in the latter class and are more or less simple and 
uniform, variation in tint and shade and different degrees of saturation 
may be the natural result, but the fundamental shade of the teeth is 
practically the same in all cases. 

As we cannot determine just what is the source of the color of 
dentin, we are not in a position to give a formula for the pigments which 
enter into the various shades of our artificial teeth. It is, however, 
safe to state that the basic color is yellow, and the greatest variation 
from this standard of shade is due largely to the interference of light, 
which is either transmitted through the tooth structure or is deflected 
from its surface by reason of the inequalities of the enamel formation. 
Such variations of surface are responsible, as has already been described, 
for the staining which takes place automatically upon the natural teeth 
inthe human mouth. Interference in the transmission of light through 
the tooth structure itself produces various effects and gradations of 
shade, so that the imitation of the lingual surfaces of natural teeth in 
porcelain will, if truthfully carried out and the teeth judiciously stained, 
produce approximately the same results, and, as in the natural process, 
give the impression of the bluish-gray or green shadings which are ever 
prone to produce a muddy effect when the effort is made to imitate 
them in porcelain. 

While considering the questionof shade, it might be well to remember 
that no one feature in an esthetic reproduction is sufficient to produce 
the maximum result, and it is only when the interdependence of tooth 
form, shade and placement upon the dental arch are carefully observed 
that we can hope to obtain the highest artistic effect. 

Overstaining or the too lavish use of the coloring pigment upon the 
artificial tooth is worse than though the efforts were bestowed entirely 
upon the anatomy and alignment without the use of the coloring agent 
at all. Suggestion both as to color and placement is all that is required 
to obtain artistic results, or the whole question of the artistic phase 
may be easily overdone. 

It is not desirable to place gold fillings in artificial teeth except when 
such fillings have been prominent and have become characteristic 
features of the mouth. If a gold filling is used, the same care should be 
employed to conceal it as though it were being placed in a natural 
tooth. Sometimes the suggestion of a cavity may be made on the 
approximal surface where it is least noticeable. We must remember 
at all times that the dominant idea in a dental prosthesis is that our 
work shall not attract attention. 

Color or shade is rarely uniform in any mouth; ordinarily the cuspid 
is the darkest of the six anterior teeth. This, however, may not 
always be the case in Nature, and when copying natural conditions 
we must be guided, if our imitation be truthful, by the original condi- 
tions if we know them. 
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CHARACTERISTIC ARRANGEMENT OF ARTIFICIAL TEETH. 


There are many characteristic natural arrangements of the human 
teeth which have already been alluded to and which can be imitated 
to advantage, the lapping of the lateral or the central incisors (Fig. 239), 
the reproduction of prominent centrals and retruding laterals, which 
often gives the appearance of great prominence to the cuspids, the 
arrangement of the central incisors to reproduce a depressed median 
line and prominent disto-proximal surfaces; this form of alignment 
often gives the appearance of very prominent laterals with the cuspids 
setting well back; these and a host of other peculiarities which have 
been brought about by an automatic readjustment following the loss 
of teeth in early life may be used as a guide in setting up the teeth 
for an artificial denture. The record model is indispensable for this 
purpose. 


Fig. 255.—Measuring the planes behind the symphysis in order to project the angles. 


One of the opportunities for reproducing a life-like appearance which 
is overlooked in many instances is the arrangement of the cuspid so 
that its neck at the cervical margin shall be brought into prominence 
and not depressed (Fig. 245). This does much to restore the facial 
appearance in view of the flat or veneer-like teeth now in vogue, and 
especially where there has been great shrinkage of the alveolar process. 
It tends to give fulness to the lips and the nostrils so that the nose and 
mouth are not allowed to droop in a manner often most noticeable 
where artificial dentures are worn. 

In constructing an artificial denture the operator should be careful 
with regard to the profile, and not allow the full-face restoration to 
absorb his attention to the exclusion of the profile aspect. The 
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operator should bear in mind that the functioning of the mandible is 
guided and directed by a compensating curve, the center of which is a 
varying point somewhere in the forehead above the eyebrows, and 
that the lower arch is generally larger than the upper. This requires 
that the lower teeth, especially the bicuspids and molars, be tilted in 
to accommodate the cusp formation on the upper teeth. These facts 
when taken collectively direct the alignment of the upper and lower 


Fig. 256.—Projected angle obtained by the use of the goniometer. 


teeth in conformity with a triangle or cone which helps us materially 
in obtaining stability in the denture as well as an esthetic appearance 
when the denture is in position in the mouth (Figs. 255 and 256). The 
arc in the curve alluded to is near the base of the cone, and the mandi- 
ble functionates accurately upon it, and in many instances will establish 
the proper overbite when the bite-planes are armed with abrasive 
material such as sand or carborundum powder mixed with plaster. 


OVERBITE. 


Except in rare instances excessive overbite is due to abnormality, 
and does not enhance efficiency in artificial dentures. The lower 
artificial teeth should be thick and of generous proportions, and the 
upper teeth should be full, well rounded, and with a moderate overbite. 
“ When the artificial teeth are ground together by means of abrasive 
material, the lower incisors accommodate themselves to the lingual 
surfaces of the uppers and wice versa. ‘The lower teeth may be cupped 
out with the carborundum wheel to imitate irregular enamel formation 
or to imitate characteristic modifications of worn cutting edges. This 
allows the incisive surfaces to wear just as the natural teeth are worn, 
bringing two inclined surfaces, the one in the upper and the other in 
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the lower, together, thereby giving the appearance of a much longer 
overbite, and by reason of the bulk of material in the teeth, adding 
great strength and efficiency during the incising act. This alone 
produces a very natural appearance in the mouth, because wear is 
directed and controlled by the movement of the mandible, and is not 
merely an imitation of irregular surfaces which are not the result of use. 


OCCLUSAL PLANES. 


Whenever it becomes necessary to extract a number of teeth before 
the denture is inserted, and especially if there are teeth in the upper 
and lower jaws, it is well to make the dentures separately, and to begin 
in the jaw in which there are the fewest teeth remaining. Thus if the 
upper Jaw has less teeth than the lower, the upper denture should be 
completed first so that the teeth can be articulated upon those which 
remain in the lower jaw. In this way characteristic effects produced 
by the occlusal planes can be preserved. This method pertains only 
to those cases where there is no deformity, or where the teeth have 
not changed position, allowing encroachment of the condyle in the 
region of the ear. Following this, the procedure can be repeated, and 
the occluding natural teeth in the lower jaw may be extracted after 
the upper denture is completed. 


Fie, 257.—Illustrating the reproduction of defects in the enamel edges along the occlusal 
plane. 


In a large majority of instances this method helps the operator 
to acquire a most artistic replacement of the artificial teeth upon the 
respective dental arches. It does not, however, except in few instances 
where there is no irregularity, give the opportunity for the normal 
interdigitation and balance of the twenty-eight artificial teeth. If 
artificial teeth are ideally placed upon the ridge, the appearance is very 
often too set and regular, and is entirely inappropriate in the mouths 
of elderly people. 

As we are often called upon to replace accurately such defects in 
tooth surfaces and alignment as may have been prominently charac- 
teristic in a particular mouth through the modification caused by 
wear, we must do as Nature does and reproduce the effect attained 
by digression from the ideal or normal (Fig. 257). 
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To reproduce the average denture of a patient past middle life, the 
preliminary “setting up” of the artificial substitutes to such occlusal 
planes as we may decide are advantageous, requires no little grinding 
to adapt them to each other and produce the desired result. What- 
ever may be the tendency with regard to the articulation of porcelain 
teeth, it is often necessary that a certain amount of grinding be done 
at the necks of the teeth before the teeth can be artistically arranged 
according to our record or knowledge of original conditions, and also 
before the dentures are tried in the mouth while upon the temporary 
base-plate, and before vulcanization. At this point we are not com- 
mitted to a definite fixation, and slight modification can be made to 
preserve certain characteristic features, the presence of which we 
desire to indicate rather by suggestion than otherwise. In this way 
a mouth having irregularities to the point of deformity may be approxi- 
mately reproduced and made comparatively regular with only a sug- 
gestion of what was originally a marked defect or abnormality. 

Interesting results may be obtained in this way, and mouths which 
have been hitherto almost repulsive can be idealized, and the patient’s 
general appearance greatly improved. This may be as readily accom- 
plished with the individual tooth as in the case of a number of teeth 
and does not necessitate an embarassing period while the friends and 
associates reaccustom themselves to what may be a complete change 
in appearance. 


PLUMPERS AND THE COMPENSATION FOR SHRINKAGE OF THE 
ALVEOLAR RIDGE. 


Under ordinary normal conditions where teeth are retained until 
old age, there is a resorption of the alveolar process and a consequent 
shrinkage of the soft integument surrounding the teeth. This shrink- 
-age is of course rapid and much more extensive when the teeth are 
extracted, causing depressions and consequent changes in the facial 
contour which in turn will produce lines in the lips and cheeks that 
contribute materially to the appearance of advancing age. A change 
in the entire expression of the mouth, chin and nose is often brought 
about. These changes are more or less characteristic, and to the 
dentist who is observing may be classified. 

The loss of the cuspid teeth produces greater change of the expres- 
sion of the lips, mouth and nose than the loss of the four incisors, 
and care should be taken when the trial piece is inserted and the teeth 
set up In wax to definitely locate the canine protuberances, and to 
carefully note the expression of the mouth, both in full-face view and 
in profile. The nostrils may be raised slightly or depressed as the 
case may be. The center line of the lip may also be drawn upward 
by raising the periphery of the artificial denture, and a severe or firm 
expression of the lips may be overcome by the use of the so-called 
plumpers; by which we mean the building out on the buccal surfaces 
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or peripheral edges of the artificial denture at desired points in order 
to cause the muscles to lift the mouth or the lips to relieve a severe 
facial expression or to ease the muscles that control expression. 

Probably the easiest facial restoration is restoring the contour of the 
cheeks. If the building out of the plate is extended to the region of 
the molars, the corners of the mouth can be cunningly raised so that 
an attractive curve to the lips may be obtained. Care should be taken 
not to overdo this effect, and carry it to a point where muscular effort 
is necessary in order to close the lips or to regain a comfortable position. 
It must be remembered that where an artificial denture is inserted for 
the first time, the mouth and its tissues, together with all the muscles 
used in mastication, resent its presence and it is only after the patient 
becomes tolerant of it and relaxation of the muscles is complete that 
we can be certain of the effect desired. It, therefore, frequently 
happens that the work must be modified after the patient has worn 
the denture for several days. 

We may often count upon a certain amount of adjustment being 
necessitated by the impingement of the denture on the soft tissues, 
and relief at such points will do much to obtain the required muscular 
relaxation. In many instances the lip is drawn up at about the median 
line in the region of the frenum, producing the effect of a short upper 
lip, and the denture having unusual height at this point may often give 
the appearance of the teeth being set too low on the ridge, thus exposing 
too much of their surfaces. Cutting away the periphery of the den- 
ture at this point to relieve the frenum will often overcome this diffi- 
culty. Mention is only made of this point in order that it may be 
used to correct expressions where it is desired to shorten the lip. 

It may be pertinent at this point to refer to the size of the six anterior 
teeth, and to advise the use of teeth rather large at the necks, in order 
to avoid the display of pink rubber in the anterior part of the mouth, 
it being more desirable to show the porcelain surfaces than the rubber, 
as the latter, at best, is artificial in color where large surfaces are 
exposed. 

The position and alignment of the anterior teeth demand care and 
skill to obtain the most desirable effect; and in this way, with the careful 
addition of rubber at the proper point, lines which appear with advanc- 
ing years may be obliterated, or at least held in abeyance. Thought 
and study in this direction will make clear the physiological reason 
for so-called wrinkles, and the operator can display his skill and judg- 
ment to great advantage by restoring the lost tissue which has brought 
about this condition. 


HARMONY. 


The cases where ideal harmony exists between the outline of the 
teeth and the face are rare indeed, and keen disappointment is often 
experienced in cases where the smile or conversation reveals the organs 
of mastication. We are, however, often able to anticipate with 
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accuracy the fact that an artificial denture is worn for the reason that, 
in rare instances where care and skill have been expended to compensate 
for shrinkage, a peculiar blank expression of the upper lip takes place 
which apparently influences the position of the nose and lips. ‘This 
is in a large part due to the failure to properly restore the canine 
protuberances. The loss of the canine teeth will effect a greater change 
in the facial appearance than the loss of any other teeth in the dental 
arch. 

To obtain the maximum artistic effect in denture restoration, the 
teeth should be placed upon the ridge as nearly as possible in the same 
position as the natural organs. This effect cannot be accomplished 
when a tooth of a flat character is used, but it can be accomplished by 
the selection and use of teeth of ample size and proportions. Modifi- 
cations can then be made to eliminate or produce certain lines which 
may be desirable in our efforts to create harmony and conformation of 
profile. 


CHAPTER IX. 
PARTIAL DENTURES.! 
By W. E. CUMMER, D.D.S., F.A.C.D. 


PRELIMINARY SURVEY. 


Full dentures, supported by mucosa alone. 

Bridge dentures (fixed and removable) supported 
mainly by teeth or roots. 

Partial dentures, supported mainly by mucosa in conjunc- 
tion with teeth or roots, or by the mucosa alone. 


Dental prosthesis (excluding 
surgical prosthesis) 


DENTAL prosthesis divides itself naturally into the three classes, as 
given above, by reason of the separate and distinct character of the 
-bio-engineering problem associated with both the support (or bearing) 
and retention (or the securing in the mouth) of each of these classes. 
As noted in Chapter VI, “The Principles Underlying the Retention 
of Artificial Dentures,” the retention of the full or entire denture type 
of dental restoration depends, in the upper jaw, largely upon the 
physical phenomenon of adhesion, supplemented by air pressure in 
certain phases; and in the lower, the same, considerably modified by 
special conditions existing in these restorations, and supplemented to 
a limited extent by gravity. As noted also in Chapter XVI, “The 
Assembly of United Crowns (Bridgework),” this problem of the design 
and construction of bridge dentures becomes, as in the sister science 
of engineering, one of statics, with end abutments and intermediate 
members supporting a superstructure designed in principle and on 
somewhat similar lines to the bridge of the engineer, resting upon a 
substructure of prepared teeth or roots, the latter having in function 
a similar duty to the prepared substructure of masonry and concrete 
of the highway or railroad bridge. 

With regard to the subdivision of partial dentures, of which is made 
up the subject matter of this chapter and because the support is in most 
cases of a composite nature, being derived from both mucosa and root 
and similar in each respect to the mucosa support of full dentures and 
the root support of bridge dentures, the problem embraces considera- 

tions included in both of the foregoing classes, full and bridge dentures. 
_ Definition, Partial Denture.—A partial denture is a removable 
appliance, restoring a partial loss of natural teeth and associated 
tissues and finding its support upon teeth or roots, in conjunction 


1 The writer wishes to acknowledge the larger part of the accompanying drawings to 
Dr. H. H. Cummer, Faculty of Dentistry, University of Toronto. 
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with the mucosa; and its retention by devices attached to two, or 
occasionally three anchor teeth (teeth used for retention) and includ- 
ing within itself any or all the following: (1) Base. (2) Teeth. (3) 
Attachment. (4) Retaining devices. (5) Connectors. (6) Occlusal 
rests. 

Support.—The bearing or foundation, upon which all prosthetic 
appliances rest, comprises three classes: (a) Root support, as in bridge- 
work, the bridge resting upon prepared teeth or roots; (b) mucosa! 
support, the support afforded by the mucous membrane and its sub- 
structure, as in full dentures and in certain types of partial dentures; 
(c) combination support, in which both the natural teeth and roots are 
engaged in carrying’ the loads to which the appliance is subjected. 
(Fig. 258.) 


Fig. 258.—Support. Examples of dentures, mucosa, root and combination support. 
A, full denture, mucosa support entirely; B, bridge denture (fixed), resting on teeth 
alone; C, combination support, an example of a denture resting on a composite mucosa 
and root support. Note.—Clasps with occlusal rests (three-arm clasps) which transmit 
loads to the natural teeth and saddles which divide this load with the mucosa. 


Retention as Distinguished from Support.—'The fixation of the piece 
in the mouth in such a manner that it is easily removable by the patient 
for cleansing, yet may be replaced by the patient and retained in the 
mouth with sufficient firmness and without injury to the remaining 
structures during mastication, is called Retention. Retention of 
dentures is of two kinds: (a) Direct in which retention is afforded 
by means of retainers attached directly to anchor teeth (remaining 
natural teeth or roots) or, as in the case of the full denture, by adhe- 
sion, and (b) indirect, in which the indirect retainer is applied at a point 
_ directly opposite to that part of the denture to be retained. The 
position of the direct retainers also forms a basis for the classification 
of partial dentures here proposed. 


1 Root and mucosa support are convenient terms, designating the structures which 
first receive the load of mastication, transmitting it in each case to the bone. 
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The retaining devices in partial denture designs are made to posi- 
tively engage upon, and readily disengage from, natural teeth, or 
crowns or bridges built upon natural roots, or upon fittings mounted 
upon these, usually located diagonally or diametrically. opposite to 
one another, of which usually only two in number are required, occa- 
sionally three, very infrequently more. Many varieties of retainers 
exist, classified as direct, indirect, precision, non-precision, simple and 
compound. (See Retention Partial Dentures, page 220.) 

The intelligent choice, design, location and construction of these 
retaining devices is probably the feature in partial denture design which 
more particularly requires direct attention to conditions present, and 
a careful study of them. Careful consideration in this particular will 
result in retainers, positive in action, with little or no injury of tooth 
tissue, either present or future; while, on the other hand, as the writer 
will shortly undertake to point out, a bad design in this or in other 
respects, especially when coupled with an inaccurate and careless con-_ 
struction, will result in an appliance seriously destructive to the 
remaining tissues. | 

The Object of these Studies.—The various methods subsequently 
described, which have been almost altogether chosen from the practice 
of both today and yesterday, have been correlated into a system by 
which it has been the sincere effort of the writer to secure in part: 

A. For the health of the oral cavity. 

1. Greatest possible conservation of tooth tissue. 

(a) By minimizing as far as possible the cutting of tooth 
tissue. . ) 

(b) By non-interference with gingival, or other oral 
parts, which, under periodic professional observa- 
tion, and with ordinary precautions, should insure 
immunity from caries or periodontal disease from 
this source. 

2. Skeleton design, leaving uncovered as much of the mucosa 

as possible where indicated. 

B. For the comfort and convenience of the patient. 

1. Minimum bulk of appliance consistent with masticating 
efficiency. 

2. Minimum cost, therefore available for a larger number of 
patients. 

3. Ease of cleansing, both of remaining teeth and artificial 
denture. 

4. Ease of adding artificial teeth to replace natural ones which 
may be unavoidably lost subsequent to the fitting of the 
restoration. 

C. For the attending dentist. 

1. Minimum cutting of tooth tissue, minimum chair-time, 
service for larger clientele. 
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2. Definite and simple system readily adaptable to all com- 
binations of teeth missing and present. 

3. System to be within the handicraft of the average dentist 
serving the average clientele. } 

4. System to be within the handicraft of the average labora- 
tory assistants serving the average dentist. 

5. The utilization as far as possible of stock materials, equip- 
ment and appliances. 


THE SCIENCE OF PARTIAL DENTURE SERVICE. 


Divisions of Partial Denture Service. — Partial denture service includes 
(a) the science (theory) or classified knowledge, and (6) the practice 
or the actual work, which is governed by the science. 


Similarity between the Science and Practice of Prosthetic Dentistry 
(Notably Partial Denture Service) and of Engineering, Using a Problem 
m Architecture as an Example of the Latter.—Dentistry is essentially a 
health service, with a science and a practice. 

To its science, in addition to that which is purely dental in its origin 
and use, great elder sister professions have generously contributed, 
namely, medicine, surgery, the fine arts and engineering. 

To its practice, in addition to that which is purely dental, and also 
in addition to a technology which belongs to the foregoing sister pro- 
fessions, the crafts of many callings, such as, for example, that of the 
jeweller, gold and silversmith, ceramist, die sinker, molder, sheet 
metal workers, have contributed generously. 

A striking example of the similarity between that branch of engi- 
neering dealing with fabricated structures, and a branch of dentistry 
also dealing with fabricated structures, although at opposite poles in 
point of magnitude, may be observed in the following scheme. 


1. PRELIMINARY. 


Architecture. 

(a) Preliminary survey of site, 
foundation available and_ sur- 
roundings; and the collection and 
study of all facts which bear upon 
the requirements of the future 
building. 

(b) Choice of general type of 
building. 


Prosthetic Dentistry. 

(a) Examination, general (if 
required and by physician) and 
oral, of the patient, and collection 
and study of all facts bearing 
upon the requirements of the 
future restoration. 

(b) Choice of appliance, full, 
partial or crown-bridge resto- 
ration. 
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2. DESIGN. 


(a) Complete set of blueprints 
of the proposed building and its 
foundation and occasionally a 
model of the proposed building. 

(b) Written or printed specifi- 
cations as to labor and materials. 


(a) A mental picture, or actual 
drawing of the proposed restora- 
tion, and its foundation, often 
preceded by a study model. 

(b) Verbal or written specifi- 
cations, if the codperation of 
laboratory assistants is required. 


3. CONSTRUCTION. 


(a) Excavation, foundation, 
erection, decoration and finishing 
of the building. 


(a) Impressions, casts, bases, 
articulation of teeth (function - 
and esthetics), further construc- 
tion, finishing. 


4, INSTALLATION. 


(a) Work involved in making 
the building ready for occupancy. 


(a) Insertion of denture, and 
work involved (as spot grinding, 


lapping, or rebasing), until the 
service is finished. 


4. MAINTENANCE AND REPAIR. 
(a) As required in the building. (a) As required in keeping the 
, appliance in good condition and 
the adjacent tissues healthy. 

Two Differences Between the Two.—In addition to the difference in 
magnitude, prosthetic service is governed by the biological laws which 
apply to the living parts which coérdinate with, or are affected in 
any sense by, the artificial substitutes; a condition not ordinarily 
present in engineering problems. 

Division of the Science of Partial Denture Service.— For convenience 
in study, the division of the science of partial denture service into 
three main divisions will here be followed. As noted in Charts 1, 2 
and 3 these are as follows: | 

(a) Restoration. 
(b) Standardized parts. 
(c) Prevention. 


1. Bone. 
2. Attachment. 
(a) Restoration 3. Teeth. 
A. Science ; (6) Standard parts | 4. Retainers. 
(c) Prevention 5. Connectors. 
6. Occlusal rests. 


Partial Denture Service be : ‘ 
: (a) Preliminary examination. 


(b) Design. 

B. Practice ; (c) Construction. 
(d) Installation or Insertion. 
(e) Maintenance and Repair. 


Cuart 1.—General scheme of partial denture service detailed in Chart 2, Chart 3 
and Chart 8. 
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PartTIAL DenTURE SERVICE. 


Science of Partial Denture Service (a Working Knowledge of). 
A. Restoration. 


1. Structures to be restored { 1. Teeth. 


2. Associate parts. 


2. Insalivation.. 
3. Deglutition. 


1. First step in digestion 
2. Functions to be restored 4 2. Speech and voice. 
' (3. Expression. 


1. Mastication. 


B. Standardized parts, which, in proper assembly, will: 
3. Restore structure and function as may be by human agencies 
4. Prevent further injuries to structure and function as may be by } See Chart 3. 
human agencies 


C. Prevention. 


1. Drifting. 
5. Injuries as result of loss of natural teeth prevent- | 2. Exfoliation. 
able by proper restoration 3. Excessive stress and wear. 


4. Stagnation. 


Structures. 

. Enamel, dentin and cementum: intensive caries production, 
erosion and wear, from capillarity. 

2. Gingive: impingement and interference. 

3. Mucosa and subjacent bone: overload. 

4, fe Hy ii “strangulation. 

5. Pericementum and mucosa, with subjacent bone: overload. 

6 

7h 

8 


_ 


. Pericementum and subjacent bone: overload. 
“cc 


torque, vertical. 
torque, horizontal. 


9. ‘ inclined plane (wedge) ,mesio-distal. 
10. 4 inclined plane, bucco-lingual. 
! ak “___ inelined plane, M.D. B.L. 


inclined plane, axial. 
lever 1st class (shears). 


6. Injuries as result | 12. 
of faulty appli- | 13. 


ances prevent- 4 14. * ‘Se 9d o <= (nut cracker). 
able by proper | 15. 4s eth & ee eas tongs). 
restoration 16. Pericementum and subjacent bone, combinations of all 


mechanical advantages. ' 

17. Dental pulp and periapical tissues, various injuries. 

18. Cheeks, tongue and soft tissues, impingement and irritation 
leading possibly to malignancy. 


Functions. 
19. Mastication and ultimate digestion, various injuries. 
20. Speech and voice, lisping, thick speech, etc. 
21. Hearing, interference with. 


Both structures and functions. 
22. Any or all of above injuries, from lack of systematic mainte- 
nance or other causes. 


\ 


Cuart 2.—The arrangement of the science (theory) of partial denture service is followed 
in text. The second division (b), standardized parts, is continued in Chart 3. 


The Restoration of Natural Parts.—The restoration of natural parts 
by means of the artificial processes and materials as now understood 
necessarily requires a working knowledge, both macroscopic and 
microscopic, of the structures and functions which are to be restored. 
Although a reference only must suffice here, the practical importance 
of this working knowledge is obvious. 
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The Standardized Parts.— Differing from the standard parts which 
enter into the construction of such mechanisms as watches, auto- 
mobiles, etc., which are actual and are brought into juxtaposition by 
manufacturing methods in assembling, the standard parts in partial 
denture service are to a large extent a mental picture of these parts. 
During the process of designing a partial denture, whether it is done 
mentally, or on paper, these parts are brought into mental or graphic 
juxtaposition in the future appliance. For convenience six divisions 
are used, with suitable subdivisions, which may be noted. (Chart 3.) 

The Base.—The base is that part of the denture which comes in 
direct contact with the mucosa and is both of skeleton design, consisting 
of saddles of metal joined by small elliptical, half round, or round bars, 
of suitable form and location, or saddles of vulcanite joined together 
also by small elliptical, half-round or round bars of suitable size, 
material and location (Fig. 259, B), or of non-skeleton design (con- 
sisting of one continuous saddle of gold or vulcanite) in which a larger 
area of mucosa support is desired (Fig. 259, C). 


(INGQIRECT RETAINER | (INOIRECT RETAINER 


Fic. 259.—Skeleton and non-skeleton bases. A, before treatment; B, diagrammatic 
representation of a frequently used skeleton design, the base of which is composite, and 
is made up of individual vulcanite saddles joined by a single bar of elliptical section; 
C, the same design which for such reasons as a soft type of mucosa, coupled with a heavy 
occlusion, is constructed in one continuous base of gold or vulcanite. 


For cases in which individual teeth or small groups of teeth are 
found in alternation, a special type of base designated as “‘continuous’’ 
is indicated. An example will be found in Square No. 14 (Plate I). 

The extension of the upper base to cover the entire vault is done in 
order, for example, to secure an auxiliary adhesion, to aid direct 
retention in cases in which few teeth remain and in which a partial 
denture is desirable. Example may be seen in Squares Nos. 47 and 49 
(Plate ITI). 

Attachment.—'That part of the denture joining the teeth to the base 
is called the attachment. Artificial teeth are usually attached by a 
continuation of the substance of the base vulcanite or by separate 
attachment thereto (Chart 3). 

Metallic bases are attached to teeth by vulcanite attachment 
(Fig. 260, D), and also by the use of porcelain crowns, tube teeth, 
suitably prepared, etc., and joined to the base by a metallic attachment 
of cast metal or solder (Fig. 260, C), 
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Teeth.— Artificial teeth are usually of porcelain, occasionally for 
small spaces they are of cast gold, and occasionally for special esthetic 
reasons are the natural extracted teeth suitably mounted are used. ‘The 
latter are usually mounted by attachment with cement in formed gold 
copes fitted to the base, and joined to it, while porcelain teeth are used 
for both vulcanite and gold attachment (Fig. 260). 

Retainers, Direct and Indirect.— Reference to Chart 3 will indicate 
a division of retainers into two classes, direct and indirect. The 
essential difference between direct and indirect retention is that in 
the former the retention is derived directly from the tooth to which 


VULC. BASE WLC. 
VULC. sree: 
VULC ATTAGH AL. TAL FRAME CAST LOOP 
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FOR ATTAGHING 
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Fic. 260.—Various possible combinations of bases, teeth and attachments, all possible 
in one design, asin A. A, diagrammatic representation skeleton design of partial den- 
ture as in Fig. 259, B; B, section of A showing composite skeleton base and attachment 
of with ordinary pin tooth (single vulcanization); C, section of A showing vulcanite 
base constructed without teeth, upon which the various steps of “taking the bite”’ are 
completed, and posterior teeth are then attached by an additional vulcanization (double 
vulcanization); D, section of A showing cast or swaged gold base with cast or soldered 
loop and finishing edge shows also pin tooth and vulcanite attachment; H, stages in 
making a metal attachment—section of A showing swaged or cast base, Ash tube or 
ready-to-wear porcelain crown tooth with suitable cope fitted to its palatal aspect (see 
dotted line) and joined to base by gold (cast or soldered) attachment. Natural teeth 
may be similarly prepared and attached; F shows cope and dowel preparation, similar to 
certain types of bridge section used in H; G shows cope and dowel preparation invested 
with saddle ready to solder; H, finished piece.* 

* Since this drawing was made it has become practical, if desired, to cast the saddle 
attachment, cope and dowel, as shown in H, in one casting. An example of such a casting 
is seen in Fig. 343. 


the retainer is applied, while in indirect retention, the retention is 
applied at a point remote from the tooth to which the indirect retainer 
is applied. All of the clasps 1 in Fig. 261, A are direct retainers, while the 
extension in Fig. 261, B is an indirect retainer. Further treatment of 
this subject will be found in this chapter. 

Definitions, Simple and Compound Direct Retainers.— Simple Durect 
Retainers.—A simple direct retainer is one which makes attachment 
to a tooth directly without interlocking parts attached to the tooth; 
for example, various clasps, cribs, etc., involving no cutting of tooth 
tissues. 
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Compound Direct Retainers.—A compound direct retainer is one 
which is made up of two interlocking parts, one attached to the denture, 
the other to the tooth by means of inlay, crown, bridge or similar 
device, involving cutting of tooth tissues for reception of the tooth 
part. For example, the ring and stud, and others. 

Precision Direct Retainers.— Precision direct retainers are all com- 
pound, and are accurately fitted interlocking parts to +0.001 inch, and 
require as a rule accurate “jigs” or guides for settling them in parallel 
relatign. . Non-precision direct retainers do not operate under these 
close limits. 


a 
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Fic. 261.—Examples of dentures retained, directly and indirectly. A, examples of 
denture retained with direct retainer alone. Note that the clasps are disposed in an 
approximately triangular relation to one another, as should always be done as far as 
the position of the anchor teeth will permit, when three teeth are used for retention. 
Note.—This is also an example of combination support. B, example of a denture 
similar in design to A, except that the tooth at the apex of the triangle is not present, 
and its retentive moment not available. In this and similar cases the design must be 
modified, and in this instance that part of the denture previously retained directly by 
the cuspid clasp is now indirectly retained by the indirect retainer acting in conjunction 
with the direct retainers (the molar clasps) located diametrically opposite to one another. 
Note.—Another example of combination support. 


Because of greater degree of movement, which must be unhampered 
of partial dentures finding their support partly or wholly upon the 
mucosa, precision direct retainers find their use more particularly in 
removable bridgework, and are considered under that head in Chapter 
XVI. It is therefore not the intention of the writer to attempt to 
cover this most important point. 

21 
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Non-precision Simple Retainers.—Clasps.—For the reasons already 
set forth, the misuse of the clasp in past years has caused it to be viewed 
with considerable distrust by members of the dental profession and 
even by the laity itself. On the other hand, following simple rules, 
as for example, of keeping clasp upon the enamel and away from the 
gingive, the clasp becomes the direct retainer adaptable for the greatest 
number of cases, requiring no cutting of tooth tissue and possessing the 
excellent features of the larger proportion of the other retainers of all 
kinds, with the disadvantage of these more or less eliminated. 

The writer takes pleasure in quoting in part Dr. Hart J. Goslee of 
Chicago, teacher, writer and author of the well-known textbook on 
“Bridgework. *1 “Tn conclusion permit me to express an honest 
conviction that, whenever and wherever they may be properly used, 
well adapted clasps offer in the composite, the most simple, effective, 
most permanent and sanitary and the least expensive and the least 
injurious means of fixation of all forms of removable partial dentures.” 

Clasps. Definition and Classification.—Clasps are simple retainers 
applied to two or more opposite convex or sloping surfaces of remaining 
natural teeth, which are chosen for that purpose during the process of | 
design. 

For convenience, clasps may be divided into three classes, namely, 
one-arm, two-arm and three-arm clasps, according to the number of 
arms or flexible parts of the clasp which are applied to these convex or 
sloping surfaces. 


TWO- AND THREE-ARM CLASPS. 


The Two-arm Clasp and its Parts.—The most frequently used type of 
clasp is the two-arm clasp, the safe application of which is limited to 
the six posterior teeth. Considering the outline of any of these teeth 
as approaching that of a circle, the first essential in the design of a 
two-arm clasp is that it includes three-fourths of this circle as seen in 
Fig. 262, B. It is obvious that a clasp of lesser length would slip off 
the tooth in a horizontal direction. 

Only for purposes of study is the clasp considered as having parts, 
as in reality it is constructed, as a rule, of a single piece of metal. 

Examination of the drawing in Fig. 262, B will indicate the division 
of the two-arm clasp into three parts, namely, two arms and a body, 
in which the flexible arms of the clasp grasp the opposing convex 
surfaces of a tooth in a similar manner to which the arms of a man would 
grasp a similarly shaped object, as for example, a bag of grain, in each 
case the body being semi-rigid and supplying the foundation for the 
flexibility of the arm. 

The Three-arm Clasp and its Parts.—Examination of the drawing of 
the three-arm clasp in Fig. 262, C will reveal the three-arm clasp to be 
identical with the two-arm clasp except for the third arm which is one 
or other of the various types of occlusal rests described later. 


1 Items of Interest, 1918, p. 191. 
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Subdivision of Two- and Three-arm Clasps.—'These clasps may be 
subdivided for convenience into (a) wrought or cast, according to the 
treatment of the metal; (>) half-round, full round, or band, according 
to the shape of the metal; three-quarter full or multiple, according to 
the extent of the clasps; and bucco-lingual, mesio-distal and line-angle, 
according to the position of the opposing convex surfaces chosen for 
the application of the arms; finally by special terms based upon the 
shape of the clasp, as the double clasp, basket, crib, ete. 


PARTS OF 
THREE ARM 


‘ 
..  BOOY OF 
CLASP - 

‘ 


BASE OF DENTURE 
ORAWN 
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CON NECTOR, RIGID, 
14 G. WIRE 


Fig. 262.—Examples of one-arm, two-arm and three-arm clasps, which are described 
in the text. 


Rationale of Clasp Action.— While the rebound or resultant springing 
of a properly adjusted clasp against the tooth, setting up a friction 
(or “tenso-friction” as described by Wilson!) is all-important in the 
case of the more unfavorable type of tooth for clasp action, to wit., 
the parallel-sided tooth, yet the most effective clasps, which go into 
position with that “snap” so grateful to the patient, are those which 
mechanically conform to that slight bell or bulbous shape of the crown 
of that type of tooth particularly well fitted for clasp action. It will 
be noted that, in order to attach or remove a formed band clasp from 
such a tooth, its free ends must, in each case, be sprung apart to a 
distance proportional to the bell shape of the tooth, thus insuring a 
mechanical locking of the clasp in position. 

Type of Tooth Most Suitable for Clasp Action.—Molars, bicuspids and 
cuspids, in the order named, are the teeth best suited for clasps. 
Anterior teeth are suitable for one-arm clasps only, provided that they 
incline toward the anterior, and that there are two other two-arm 
clasps or similar, disposed in a triangular relation. An example of the 
latter is seen in Fig. 261, A. Peridental conditions must be good and 
at least two-thirds the normal amount of bone about the root, as 
shown by radiograms, although as a temporary expedient a tooth with 
less bone support than this may be used. 

Location of Teeth for Clasps.—'The general rule for the location of 
clasps (two- and three-arm) holds good for all direct retainers, namely, 
considering the upper or lower arches as roughly rhomboid in shape, 
either diagonally or diametrically opposite to one another, as far as 
the conditions of the anchor teeth permit. 


! Wilson, G. H.: Dental Prosthetics, 4th ed., Philadelphia, Lea & Febiger, p. 348. 
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This is a matter concerned with the design of the denture, and will 
be considered under that head. 

The Design of Two- and Three-arm Clasps, the 
Gingive and Occlusal Cones, and the Guide Line. 
—Prothero, in his work on Prosthetic Dentis- 
try, states that “the form of a bicuspid or molar 
usually represents sections of two more or less 
regular cones reversed, the bases of which meet 
in a common plane passing through the greatest 
bucco-lingual diameter of the tooth.”! (See 
Fig. 263.) 

This meeting place of the occlusal and gingival 
cones of the clasped tooth represents the position 
of the summits of the opposing convex surfaces, 
and will, for convenience, be called the “guide 
line.””2 

The arms of clasps inserted in the path of 
insertion would open until they reached the guide 
line and would close on opposing convex surfaces 

Fic. 263.—Proximate if carried sufficiently beyond it. 
view of a bicuspid, show- ‘The Path of Insertion and its Selection.—Ex- 
ing the occlusal and gin- . ‘ “ 
gival cones. (Prothero.) perience has found that the path of insertion 
of a partial denture is best chosen as a single 
direction which is the mean or average of the direction of the long axes 
of the crowns only, of the two or three teeth to be clasped, in cases in 
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Fig. 264.—The path of insertion is the average of the direction of the long axes of the 
teeth (A) to be clasped. The line B represents the average. (Ney Technician.) . 


1 Prothero, J. H.: Prosthetic Dentistry, p. 250. 

2 In addition to a most valuable technic which follows, the writer is most deeply 
indebted to Mr. George Roth, of J. M. Ney & Co., for a portion of the definitions and 
nomenclature which follow. 
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which the denture is supported by the remaining natural teeth. In 
cases in which the denture is supported by the mucosa, Dr. Walter 
Chapelle has pointed out that the path of insertion should correspond 
to the direction in which it is depressed into the compressible mucosa 
during function. In order to design the clasps of a partial denture, 
the path of insertion should be chosen before the clasps are designed, 


because the position of the guide line depends upon the path of inser- 
tion. (Fig. 264.) 


Fig. 265 Fie. 266 


Fias. 265 and 266.—Showing the determination of the path of insertion using the Ney 
‘surveyor. Two adjustments are made, one at right angles to the other, for the mesio- 
distal and bucco-lingual slopes of the teeth to be clasped. (Ney Surveyor.) 


Determining the Path of Insertion and the Guide Line by the Use of 
the Surveyor.—The theory and practice of mechanically outlining the 
guide line upon dental models, has for some years been developed by the 
Philadelphia Dental Clinic Club, A. J. Fortunati of Boston and others. 
The instrument and technic bearing the name of the J. M. Ney & Co., 
Hartford,! as developed by Weinstein and Roth, was probably the 
first to be offered commercially to the dental profession. 


1 The determination of the path of insertion and the resulting guide line is completely 
described in a periodical issued by the Ney Company, from which a number of quotations 
and copies of illustrations are made, called the ‘‘ Ney Technician.” 
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The Ney surveyor, in addition to the vertical marking member, 
includes a tilting table to which the cast is attached. This allows the 
cast, which must be an accurate reproduction of those parts of the 
remaining teeth covered by the clasps, to be tilted so that the path of 
insertion is parallel to the vertical marking member. This adjustment 


may be seen in Figs. 265 and 266, and the actual outlining in Figs. 267 
and 268. 


Fic. 267.—Tracing the guide line, using the Ney surveyor. This is done after the 
path of insertion has been determined and the table tilted so that it corresponds with 
the vertical marking member. Inset shows the process of squaring the graphite marker, 
which is thereby made parallel with the vertical marking member. 


The Position of the Guide Line on a Tooth Depends on the Path of Inser- 
tion.—The position of the guide line on a given tooth varies with the 
path of insertion. In other words, the guide line on a tooth with a 
path of insertion parallel with the long axis of the crown would differ 
from the guide line for a path of insertion oblique to this long axis. 
This is apparent in surveying. Conversely, should the guide line 
appear in an unfavorable position, in some cases the path of insertion 
may be changed to cause a more favorable position of the guide line. 


: 
. 
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Steps in Designing Wrought Clasps.— Preswpposing denture design to 
be tentatively completed: 1. Make individual impressions of teeth to 


Fia. 268.—Enlarged view of the graphite marker outlining the guide line, as seen in 
Fig. 267. 


Fic. 269.—The interdependence of the guide line and the path of insertion. In A the 
path of insertion too closely approximates the long axis of the bicuspid, giving a favor- 
able guide line to it, but not to the molar. In B the condition is reversed, while in C, the 
average between the long axis is chosen with favorable guide lines for both. It may 
readily be seen that, with experience, the path of insertion may be changed to secure more 


favorable guide lines. 
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be clasped with fusible metal models for wrought clasps, and cast-clasp 
investment models for cast-clasps. 

2. Take modeling compound impression of occlusal surfaces of 
teeth only, set these models therein and mount in temporary plaster 
base with at least 3-inch base. This is a temporary surveying cast. 

3. Mount on surveyor table, using modeling compound. 

4. Determine mean direction of axes of two or three teeth used for 
clasps, or, if mucosa supported, the direction in which the denture 
will be depressed into the mucosa during function; modified if neces- 
sary as in Fig. 269. This is the path of insertion chosen. 

5. Make guide lines with surveyor, on teeth to be clasped. 

Nore.—Should the dentist prefer to outline these clasps freehand, 
steps 2, 3, 4, 5 may be omitted. 


Fia. 270.—A simple type of surveyor, the Robinson surveyor, the result of the studies of 
the Philadelphia Dental Clinic Club. 


6. Choose position of arms of clasps on the guide line. 

7. Choose position of body of clasp also on guide line, keeping it 
occlusally to guide line. Choose type of arm and outline the entire 
clasp. 

Notrre.—The distance which the arms of the clasp should be placed 
gingivally to the guide line should not ordinarily exceed 2mm. The 
greater the amount of convexity, the closer may the gingival clasp line 
of the arm of the clasp approach the guide line. Also, the more 
resilient the metal in the clasp, the further away the arm may be 
gingivally from the guide line. (See Fig. 273.) 

Nore.—Many operators prefer to take a single main impression, 
pouring the cast either with integral or separable retaining teeth 
(teeth to be clasped) rather than the method above described, in which 
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the clasps are completed and in the mouth during the taking of the main 
umpression. 

For this single-impresston method absolute accuracy of every detail 
about the retaining teeth is essential. A method is proposed on page 382. 

Individual Impression and Casts of Low-fusing Metal for Clasps.—The 
individual impression is essential in cases in which it is difficult to 
determine in the mouth the location of opposed convex surfaces. It 
must be taken in plaster, and may be readily divided into two sections 


Fig. 271.—The Roach tray for impressions of individual teeth, or small groups of teeth. 


with a Gritman plaster dividing knife, or similar knife, and having been 
reunited in the tray, surrounded by a strip of Plasticine, about 4 inch 
thick and filled with low-fusing metal (Fig. 272). 

To obtain the best result, it is desirable to introduce the low-fusing 
metal into the impression immediately after removal from the mouth. 
A little care in the pouring of the low-fusing metal will prevent bubbling 
and consequent pitting of the low-fusing cast as follows: 

A copper ladle, preferably thin, is filled with metal ingots, or pre- 
viously made and discarded casts, and held over the flame, carrying it 
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rapidly in and out of the flame. When three-fourths of the metal is 
melted, remove the ladle from the flame and allow the excess heat in the 
mélted portion to melt the remaining unmelted portion, thus insuring 
the minimum temperature at which the metal is plastic. It is also 
well to “jar” the mold held in the left hand and rap it on the bench, 
while the metal is poured in, using the right hand. | 
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Fic. 272.—Trays suitable for impressions of individual teeth may be made as follows: 
A, sheet of ‘‘air-chamber metal,’”’ so-called, rolled to 20-gauge and cut to from 2 to 
6 cm., to 2.5 x 7.5 cm., depending on small or large teeth; B, cut out square, leaving 
limbs either 2 x 2 cm. up to 2.5 x 2.5 cm., depending on size of tooth; C, bend as shown 
for open side box; D, movable handle rivetted on with ‘‘solidhedeyelet’”’ punch, sold at 
commercial stationers; E, ‘‘Solidhedeyelet”’ punch and eyelet; F and G, tray in position 
on mesial and distal surfaces of teeth. 


Choice of Opposing Convex Surfaces.—These may be chosen upon 
any opposing areas located upon sound enamel, and well distant from 
the gingival margin (Fig. 273). On teeth standing isolated from their 
fellows with sufficient spaces to admit-of a clasp, different sets of oppos- 
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ing convex surfaces are frequently found. For example, in an upper 
cuspid spaced from the upper lateral incisor, the sets of opposing con- 


[ee 


Fic. 273.—Some considerations in the use of a wide clasp (either wire or band) or of 
a single wire clasp too close to the gingival aspect on a tooth of small opposing convexity, 
and for a tooth of greater convexity. A, wide clasp in position on a tooth of small 
convexity (the separation of the free ends in removal or insertion is comparatively 
little, hence small strain on the anchor tooth itself; B, showing the separation of the 
arms in A; C, wide clasp in position on a tooth of decided convexity; D, note the great 
separation of the arms for removal and insertion and consequent strain on anchor tooth; 
#, narrow clasp on convex tooth (note lesser amount of separation of free ends and 
consequent lesser strain on anchor tooth). Note.—If the lower border of the clasps in 
C, D and E were taken as the position of single wire clasps, it will be seen that considerable 
pressure would be needed to insert and remove at C and D, and much less at E. The use of 
the surveyor eliminates all guesswork in this particular. F, G, H and I, a study in sheet 
metal forms and resiliency; F represents a sheet of clasp metal, great resiliency; G, same 
piece in channel form lacks resiliency altogether; H , concave form very much stiffer 
and less resilient than F, while J, being narrower, more closely approaches F. Inference: 
From the cross-section, these clasps lose resiliency as they acquire contour, therefore 
care in proper width for convex teeth is necessary. 


vex surfaces are two in number, 7. e., A the contacts and B the labial 
or lingual surfaces. 


IA © &) 


A B Cs D E 
Fie. 274.—Choosing opposing convex surfaces on the guide line for bucco-lingual, 
_ mesio-distal or line-angle clasp. A, convex surfaces, bucco-lingual, but unsuitable 
because the clasp would be thrown off rather than retained; B, A—A, the bucco-lingual, 
and B-B, the line-angle pair of suitable opposing convex surfaces; C, arms of line-angle 
clasp fitted to the opposing convex surfaces; D and E, plan of bucco-lingual and line- 
angle clasps. 


Distance of Wire (or Width of Clasp) from Opposing Convex Surfaces. — 
As a general rule the width of the clasp at the line of opposing curved 
surfaces of a tooth should vary proportionally with the lack of curva- 
ture at that line; in other words, wide clasps are indicated for opposing 
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convex surfaces which more closely approach the parallel, and nar- 
rower for those which show marked convexity, by reason of the harsh 
reaction during insertion or withdrawal upon a tooth of marked 
convexity of a wide clasp lacking in resiliency (Fig. 274). If the cast 
as surveyed, the guide line will pass in the middle of these opposing convex 
surfaces. 

Construction of Wrought Clasps.— For the following original and most 
valuable technic for swaging wrought clasps, the writer is indebted 
to Mr. George L. Roth of the Technicial Department of J. M. Ney 
&. Col" 

Certain materials and appliances are necessary. These are as 
follows: Fusible metal, pattern wire, $ round 14-gauge, round 17, 18, 
19, air-chamber metal 24-gauge, clasp metal and bending pliers and 
rubber tubing as follows: 


4 inch inside measurement. 
13 inches x 2 inch = Fi 
1 inch es oe 
zinches “ = 
By reason of the number of illustrations? of this technic, only the 
steps in the technic are given. The double wire clasp is also shown in 


Fig. 286. 
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Fig. 275.—The round wire clasp, Roth technic: 1, guide line is indicated by pencil 
mark; 2, plasticine trimmed for 17-gauge wire. For smaller than 17-gauge, trim slightly 
less; for larger, trim slightly more. 


Wrought Single Wire Clasp.—Roth technic (Figs. 275 to 280). 

(2) Bank with plasticine, and trim below the guide line to allow for 
the thickness of the wire used (18- or 19-gauge) (Fig. 275, 1, 2). 

(b) Oil and take plaster impression, trim the impression parallel 
to the occlusal plane of tooth, cut in two parts and carefully remove 
and reassemble (Fig. 276, 3, 4, 5). 


1 This technic has been prepared for use in conjunction with a surveying instrument. 
Should, for any reason, the surveyor be not used, the guide and clasp lines may be drawn 
freehand. Frequent annealing is necessary. The results obtained will increase in 
accuracy in proportion to the amount of hand-bending before swaging between dies. 

2 These illustrations are taken from the Ney Technician, No.1: Swaging Wire Clasps. 
by George L. Roth; it is through the courtesy of the J. M. Ney Company, Hartford, 
Conn., that they appear here. 
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(c) Set in moldine (preferred to plasticine for contact with fusible 
metal) on a flat table top or similar surface. When there is an adjoining 
tooth, build up the impression approximately to the contact point 
(if necessary) (Fig. 277, 6). 


Fic. 276.—3, molar impression trimmed flat on top before making incision, which should 
be mesio-distally; 4, 5, plaster impressions. 


(d) Select a rubber tube 1 inch inside diameter, 13 inches long, press 
on moldine, pressing it up the sides to prevent escape of the metal 


(Fig. 277, 7). 


are 


Fic. 277.—6, impression surrounded by moldine (if it has dried after setting, moisten 
the impression by momentary immersion in water) ; 7, rubber ring in position (if it pulls 
the moldine away from the plaster, smooth toward the impression with curved end of 
spatula); 8, die cast and separated. | 


(e) Pour the die in fusible metal. Using the copper ladle, hold the 
metal over the flame until thoroughly fluid, allow it to thicken, stir 
and pour while fairly thick, filling the rubber tube (Fig. 277, 8). 

Nore.—Dies and counterdies should ‘in all cases be at least 14 
inches in length. 

(f) Select pattern wire, 18-gauge or smaller. 


4 
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(g) Twist, with twisted end coming between arms of clasp, press to 
position with spatula or burnisher. (Roach double-ended wax carver 
recommended.) ‘Twist tight, press well into place with this instru- 
ment, and cut twisted end off. Scratch the die above pattern wire 


Fig. 278.—9, cuspid, with adjacent lateral impression filled with moldine; 10, pattern 
metal wire burnished in place, ends tucked into interdental spaces, when adjacent tooth 
prevents use of twisted loop; 11, 12, loop with twist located opposite to proposed body 
of clasp, 7. e., point of connection with denture. 


and remove pattern wire. Scrape off contours of die down to line so 
that the die will be conical in shape, leaving gingival seat intact, 
permitting draft of counter-die (Fig. 278, 11, 12). 

(h) Apply moldine over twisted ends, paint the die with whiting 
and wood alcohol and ignite. A uniform coating of dry whiting will 
result (Fig. 279, 13). 


Fia. 279.—13, die ready for counter-die (undercut formed by bell of tooth above pat- 
tern wire, removed before application of whiting and alcohol) ; 14, rubber ring in position 
upon die; 15, die separated from counter-die, pattern wire in position; 16, counter-die 
(edge of groove where dialoy has flowed under pattern wire removed with point of 
knife, if necessary). 


(1) Apply rubber ring to the die and pour the counter-die. To be 
safe have the base of the die in cold water (Fig. 279, 14, 15, 16). 

(7) Using pattern wire for proper length, make a soldered ring 
(suggestion of Dr. W. G. Switzer) of elastic round wire (18-gauge). 
Have soldered joint between the ends of the arms during swaging, to 
be later removed. Adapt this to the die with pliers, also triangular 
piece 24 plate 36-gauge, to be placed in the body of clasp. Burnish 
latter with 2 mm. projecting past the clasp. Swage both between 
dies, using a 3-pound hammer, two or three strokes (Fig. 280, 17). 
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(k) Burnish projecting part back over the wire and reswage. 

(l). Remove from die, paint lower surface of 24-K. matrix with anti- 
flux, reinforce well with casting gold or similar, if clasp is to support 
denture; if not, use 20-Kk. solder, to be later removed. (Casting gold 
is considerably stronger than solder; fusion 50 or 75 degrees below other 


‘metal is safe.) (Fig. 280, 18, 19, 20.) 


Fig. 280.—17, clasp wire partly adapted, using Peeso No. 2 or Robinson collar pliers, 
edges rounded to avoid nicking wire; 18, wire swaged with matrix (perfect adaptation of 
wire before swaging unnecessary, but must fit at center and ends); 79, end of matrix 
lapped over wire, burnished and swaged; 20, matrix ready for soldering and matrix 
reinforced. 


The Half-round Wire Clasp (Roth Technic).—This is constructed in a 
similar manner to the round-wire clasp except that 14-gauge half- 
round pattern wire is used. After the pattern is formed, lay it flat 
on the bench and first adapt elastic half-round wire against the wide 
cross-section to correspond to the pattern. Bend approximately 
against the narrow cross-section on the model and swage. 


Fic. 281.—The half-round wire clasp, Roth technic: 24, half-round pattern wire 
flattened; half-round cla8p wire partly bent edgewise, wholly bent edgewise to coincide 
with contour curves in pattern wire; 26, 27, 28, clasp wire partly adapted to the die; 
clasp wire swaged; clasp wire before and after addition of occlusal rest. 


The Wrought Single Crib.—This is the Jackson crib, invented by 
Dr. V. H. Jackson as a retainer for removable orthodontic appliances. 
Its special application is in cases in which retention is desired upon a 
tooth which lies in the center of a series of remaining natural teeth 
lying closely in contact. Examples will be found in Squares 17, 18, 
21 and 24, in Plate I). In all cases there must be space for the 20- 
gauge wires crossing the contacts of the remaining teeth. 
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The stages in the construction of the wrought crib here follow: 
(a) Bank with plasticine, trim below guide line the thickness of the 
wire used (19- or 20-gauge) (Fig. 283, 29). 


Fic. 282.—The Jackson crib for bicuspid, Roth technic: 21, pattern wire measure- 
ment, clasp wire same length, and latter formed into ring and soldered; 22, 23, 24, ring 
approximately adapted to the die; ring swaged to position; ring before and after conver- 
sion into a clasp with the soldered joint cut out. 


(b) Oil and take plaster impression, trim impression parallel to 
occlusal plane of tooth, cut in two parts and ee at remove (similar 


to that in Fig. 276). 
(c) Pour metal die, as before, reassemble impression, varnish it; 


then pour investment compound model for soldering (if a lingual 
friction plate is desired) in"the same impression. 


Fic, 283.—29, working cast with position charted for crib, and plasticine trimmed for 
plaster impression; 30, 31, lingual plate swaged; wire ring swaged with soldered joint 
at lingual surface. 


(d) Apply pattern wire, 20-gauge to metal tooth the same shape as 
crib, twist on the lingual surface. Scratch, remove, scrape labial 
side only to line for draft. 

(e) Return pattern wire to the die, press into place, apply a little 
moldine over the twist, apply whiting and rubber ring, pour counter-die 
and separate, as in Fig. 279. 

(f) Remove pattern wire, cut, straighten out and cut 19-gauge 
(molars) or 20-gauge (bicuspids) the same length as the pattern. Bend 


— a as 
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this into a ring and solder with a piece of casting gold (C or G) or 
similar. ‘Then bend this approximately to the shape of the crib (Fig. 
282, 21). 

(g) Cut, burnish, trim and swage a piece of 24-K. 36-gauge plate 
for, the lingual side, if lingual tenso-friction is desired. Lay to one 
side (Fig. 2838, 30). 

(h) Swage the crib between dies and remove. If lingual plate is not 
desired, the crib is now finished (Fig. 282, 24). If lingual plate is 
desired, cut a section of wire at the lingual and gingival aspects, place 
pure gold-piece already swaged on investment compound model; 
slightly open (if necessary) and slip crib over, with cut-open section 
over pure gold on the lingual. Solder and build out with clasp metal 
(C or G) or similar (Fig. 283, 31,284, 32 and 33). 


Fig. 284.—A molar crib and modifications, as described in the text. 32, matrix for 
lingual plate, and crib with lingual segment cut-out, invested for soldering and rein- 
forcement; 33, crib without, and crib with, reinforced lingual plate (crib contraindicated 
when bite is too close for wire on occlusal surface); 34, Crozat attachment (frequently 
employed upon short teeth where bucco-lingual grip must be augmented by mesio- 
distal grip); 36, plasticine trimmed for first impression for main structure of wire clasp. 


The Wrought Multiple Crib (Roth Method).—Tor cases with a series 
of remaining natural teeth on one side only, the wrought multiple 
crib is desirable. 

Examples may be found in Plate III, Squares 49, 54. The stages 
in the construction are as follows: 

(a) Bank with plasticine and trim below the guide line, to allow 
for the thickness of the wire used (20-gauge). 

(b) Oil, and take plaster impression, trim impression parallel to 
occlusal plane of the tooth, cut in two parts, and carefully remove. 

(c) Pour metal die, as before, using 14 x 14-inch rubber tube; 
reassemble the impression, varnish it and pour soldering investment 
compound model. 

(2) Make crib on the middle tooth of pattern wire; remove it. 

(e) Make crib on end teeth of pattern wire, cut and slip ends of 
pattern wire under postion of middle crib in embrasure. Replace 
middle crib, making triple crib of pattern wire. 

(f) Add moldine to twist on middle crib, paint with whiting and 
alcohol, burn off, slip on 14 x 14-inch rubber tube and pour counter-die 
as before. 

22 


_—— 
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(g) Cut wire and swage center crib as before. 

(h) Cut and bend ends of cribs under middle crib; swage all three 
together. 

(1) Assemble, solder on investment model. 

(7) Cut out segments of end cribs, converting these to clasps, if 
desired, and reswage. | 

Nore.—Lingual friction plate or plates may be used here also if | 
desired. The construction is the same as for the single crib. 


Fig. 285.—Finished wrought multiple crib, with the centers cut from the end cribs, — 
converting them to. bucco-lingual clasps. The above shows the final stage in the con- 
struction. 


The Wrought Band Clasp (Roth Technic).— The advances made in the 
methods of construction of the round and half-round clasp have almost 
displaced the wrought band clasp which has been standard for so 
many decades. The writer is unable to concede that this clasp must 
be discarded suddenly, and for all time. Two reasons here follow, } 
namely: The greater resiliency of the arms of a wrought band clasp 
over those of the lightest of the wire clasps, due to a difference in | 


4S 


Fia. 286.—The loop clasp, Roth method. As may be seen, this is two single-wire 
clasps swaged above or below the guide line and subsequently united with casting metal. 
48, lower wire in position on investment model; 44, both wires in position; 45, wires joined 
at one clasp extremity; 46, wires joined at both clasp extremities. 


the gauge of the metal used; a 19-gauge (B. & S.) round wire (0.036 
inch) as against a 24-gauge flat clasp metal plate (0.020 inch), in which 
the plate is a little over one-half the thickness of the wire with, other 
conditions being constant, if anything, a greater life under function. 
Second, when flexible connectors are used, there is a positive indica- 
tion for three-arm clasps having arms extending both occlusally and 
gingivally from the guide line, and thus grasping with utmost firmness 
the natural tooth to which it is attached. This narrows down the 
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choice of clasps to the loop clasp (Fig. 286) and the band clasp, the 
latter having more resiliency in the arms. 

As for many decades past, in locations where flexible connectors 
(stress breakers) are indicated, and in mouths comparatively immune 
to caries, and upon good enamel, it is probable that the band clasp 
will find a place, if a much more restricted place, in the scheme of 
Standard Parts in Partial Denture Service. 

In the Roth method, a small die is made, with the shoulder corres- 
ponding to the gingival clasp outline. The pattern is then made of 
24-gauge lead, and the die is made to sandwich between two other dies. 
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Fig. 287.—The wrought clasp is proposed by the writer in the text as still having a 
place (much more restricted) in dentistry. Here are shown a variety of clasp patterns, 
as occurring in routine practice in the Canadian Army Dental Corps. A, molar clasps; 
B, bicuspid clasps; C, cuspid, labio-lingual clasps; D, cuspid, mesio-distal clasps; H 
multiple clasp for two upper molars; F’, cuspid, clasp. 


’ 


The stages of construction here follow: 
(a) Sketch gingival and occlusal clasp lines, bank with plasticine, 
and trim exactly to gingival clasp line. 
(6) Oil and take impression, trim impression parallel to the occlusal 
plane of the tooth, cut in two-parts, and carefully remove. 
(ce) Trim impression until the sides are 1 mm. wide. 
(d) Slip 4 x 13-inch rubber tube over impression, pour in fusible 
metal, resulting in die 1 inch long, and with narrow shoulder. 
(e) Take § inch garnet disk and trim, if necessary, the shoulder to a 
bevel so as to see the gingival margin. 
(f) Burnish clasp pattern, 24- to 26-gauge sheet lead, or air-chamber 
metal. 
(yg) Embed die half way in moldine with one arm of clasp pattern 
down; if necessary, cover cusps with moldine for draft of counter-die; 
add whiting and wood alcohol, burn off alcohol. 
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(h) Press rubber tubing, 13 inches inside diameter by 13 inches long, 
on moldine, and pour upper die as before. Cool well. | 

(z) Remove metal tooth clasp pattern and die just poured from 
moldine, add a little moldine on occlusal surface of metal tooth if 
necessary for draft, readjust lead clasp pattern if necessary, apply 
whiting and alcohol to metal tooth and its die in position, burn off, 
slip same tube over die, and pour counter-die. We now have two 
counter-dies with the metal tooth and its lead pattern sandwiched 
between. 

(j) Take lead pattern, cut clasp plate, bend it approximately to the 
metal tooth. Place between die and counter-die and swage with two 
or three strokes of a 3-pound hammer. 

Adaptation of Metal, Previously Cut to Shape 
from Pattern.—Frequent annealing is allowable 
because in the assembly a certain amount of 
annealing is unavoidable, hence no disadvantage 
occurs if this be done. The contouring process 
should begin at one of the arms which should be 
contoured until finished. ‘Then the line-angle of 
the tooth must be turned and care must be taken 
to bend the clasp at this point to harmonize with 


Fic. 288. — Showing 
correct and _ incorrect 
manner of bending the 
clasp around the line- 
angle on the _ fusible 
metal cast, the arm in 
contact with the cast 
having been contoured. 
a-b, correct bend, corre- 
sponding with the line- 
angle of the tooth; c-d, 
incorrect bend, not cor- 
responding with the line- 


the line-angle, otherwise an inaccuracy will de- 
velop. (See Fig. 288.) 

Not infrequently the necessary use of the 
hammer and pliers in bringing the metal in 
place will beat down the high contours on the 
fusible metal cast. In this event, a second, or 
even a third, impression and cast will be neces- 
sary. It is also always advisable to’try clasp in 
the mouth to check this up before work on the 
occlusal rest is begun. 


angle of the tooth. Multiple Wrought Clasps. —In certain unilateral 


restorations (those in which all available anchor 

teeth are located on one side of the mouth) the multiple clasp, or clasp 
which engages more than one tooth, will be of immense advantage. 
An instance of this is shown in Plate III, Square 45, the only two 
remaining natural teeth in the lower jaw. Jt must be borne in mind 
that these cases are rare, and that full dentures are usually wndircated. 

The construction of the multiple band clasp formed of sheet clasp 
metal is identical in many respects with that for the single tooth. An 
individual plaster impression is made of both teeth (which must be 
in actual contact) and the opposing convex surfaces chosen on them 
(Fig. 289). | 

Clasps Lined with Pure Gold for Tenso-friction. —Occasionally, for the 
parallel-sided tooth in which little or no facility exists for the use of 
contoured arms of clasps, a friction lining is used, as in Fig. 292. 
Pure gold is ordinarily used for this purpose, which exerts considerable 
friction on the enamel. 
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The procedure is as follows: The clasp is made in the usual manner 
and removed, and pure gold burnished on the fusible metal cast a little 
wider than the clasp. The clasp is then returned to place over the 
pure gold, the two waxed together, invested and joined with solder. 
Should it be expedient, a surface occlusal rest may be developed by 
carrying the pure gold on to the occlusal surface. 


A 


Fig. 289.— Multiple clasps for two or more teeth in contact: <A, lateral view; B, showing 
opposing convex surfaces against which the arms of the clasps are fitted (D-E). 


Modifications of Band Clasps.— Occasionally a tooth is selected for a ~ 
direct retainer which is entirely suitable for a clasp save for one reason, 
namely, a faulty enamel surface, such as would, in the mind of the 
operator, be possibly affected by capillary attraction of saliva and food. 
The faulty enamel, or occasionally a contact predisposed to caries, 
should not be covered by the clasp. By carrying the 14-gauge wire 
connector across the occlusal surface, the clasp may be relieved at 
this point, as shown in Fig. 290. 


Fig. 290.—The relief of clasps for faulty enamel: A, tooth with predisposition to 
caries, usually from a previous case on adjacent tooth; B, band clasp with surface occlusal 
rest fitted over, not relieved; C, 14-gauge wire carried to occlusal end of line-angle, then 
across the clasp; D, relief then made by removing clasp metal over predisposed portion 
(the wire compensates for the loss of metal); H, predisposition at the contact point of 
tooth to be clasped; F’, relief for this condition, wire carried across and metal removed 
immediately over the contact point (into which a filling has been placed). 


Also, in occasional instances, if the labial free end of a clasp occupies 
a conspicuous position, this may be reduced by forming a recess or 
window in the clasp by stone and fissure bur. Usually, in order to 
offset this reduction of metal and consequent resiliency, it becomes 
necessary to flow casting gold over the remaining portion of the 
clasp (Fig. 291). 

Cast Clasps.—Cast clasps are particularly useful in affording reten- 
tion at the end of enclosed spaces (with a natural tooth at each end). 
In root-supported restorations; or in combination-supported restora- 
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tions with a minimum of rotation under function; or a combination- 
supported denture attached to it by a flexible connector. They may 
be used with safety under other conditions with flexible connector. 
Cast clasps should be polished inside as well as outside to remove the 
silicious remains of the investment; and should be free from minute 
recesses in the metal. 


Cs 
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Fig. 291.—Reducing the conspicuity of a clasp by cutting window, subsequently 
reinforced with casting metal: A, clasp which occupies a conspicuous position; B, 
window formed in the above clasp which is subsequently reinforced at C. This is an 
alternative method of the loop clasp, Fig. 286. 


Under present conditions, partial dentures whose designs include 
cast clasps are often constructed as integral with a casting which 
includes the entire framework. Hence a further reference will occur 
under the head of construction (see p. 379). | 


Fia. 292.—An indication for a cast clasp. A short tooth with little convexity, good 
enamel and used under conditions described in the text. 


The Roach Embrasure Clasp.—This is a most useful clasp, designed 
by Dr. F. E. Roach of Chicago, and particularly well suited both for 
bicuspids and cuspids in which the bucco-lingual clasp might be 
thought conspicuous. It is usually made up of two arms and a body, 
but with the elastic wire arm passing over the contact point, and into 
the labial embrasure. In its usual form it is in a sense, partly mesio- 
distal and partly bucco-lingual as noted. The great advantage of this 
clasp lies in its inconspicuousness. Double forms of this clasp, usually 
with cast or built-up bodies,:and with wrought elastic wire arms 
passing over the contact points and terminating in the embrasures, 
are extremely useful in making an attachment in the center of a series 
of teeth, similar to the method of using the Jackson crib. 

The Three-arm Clasp.—’These are practically the two-arm clasps 
with occlusal rests attached to the bodies of these clasps where such 
rests are desirable. The various types of occlusal rests, with or without 
clasps, are considered elsewhere. 
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The One-arm Clasp.—Reference to Fig. 294 will show the one-arm 
clasp as the type of clasp having but one arm and no body. For this 
reason it requires at least two other direct retainers, disposed in a 
triangular relation to it. The one-arm clasp, resting on a sloping 
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Fic. 293.—The embrasure clasp and steps in its construction. <A, B, C, plan of a 
restoration, using the embrasure clasp; D, E, F, elevation of same restoration on casts, 
showing appearance labially of embrasure clasp; G, applying the 18-gauge elastic wire 
to labial embrasure of cast; H, having applied the 18-gauge wire to the embrasure, the 
wire is then bent over the contact point as shown (should occlusion interfere it may be 
necessary to polish a little off both the interfering cusp and the marginal ridges of the 
teeth to which the clasp is fitted); J, pure gold then burnished on distal and lingual 
side and slightly on buccal side, sufficient to form an opposing arm grasping the opposing 
convexity opposite the embrasure hook (this is carried also occlusally and reinforced 
by an extra piece of 18-gauge wire if an occlusal rest is desired). J, solder (using casting 
gold) applied, clasp polished and main impression taken; or, I'!, J!, wax is here applied 
and casting made and subsequently soldered. 


convex surface, then reciprocates with the convex surfaces to which 
the other two clasps are applied on the remaining natural teeth, thus 
affording retention. 

The one-arm clasp is the only safe clasp which may be applied 
with a rigid connector to central or lateral incisors, upper or lower. 
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Clasps to be Completed Before the Main Impression.1—If ordinary 
methods of impression-taking are used, it is recommended that all 
clasps with or without occlusal rests, band or wire loop, should be 
completed and fitted to place in the mouth before impressions are 
made, because of the necessity for accuracy in the relationship of the 
clasp Ito the other tissues in the forthcoming cast. 
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Fic. 294.—The one-arm clasp, its use and construction: C, one-arm clasp, opposed 
by artificial tooth with strong lower occlusion (this design’ would be better with larger 
saddle); D, the simplest one-arm clasp; half-round clasp{wire bent as shown in the 
illustration; should the wire in the upper figure be required to turn more or less abruptly 
toward the mucosa, grasp in pliers and bend against the wider cross-section; H, one-arm 
clasp made with pure gold, burnished against metal model with 16-gauge wire fitted as 
shown; F' shows position of wire ready for attachment; this is invested and soldered 
with the highest karat solder possible; G, H, stages in waxing for all-cast half-clasp; 
Solbrig thin wax for labial portion, 16-gauge wax wire for the balance; casting is made in 
elastic gold. 

Note.—At C is illustrated a principle in design to provide for the loss of retaining 
teeth. Should at any time the central incisor be lost, an indirect retainer carried back 
to the molars (similar to the design shown in Plate II, Square 27), along with a new 
artificial central incisor, will restore the denture to its former usefulness. 


Other Methods of Simple Direct Retention.—A number of other simple 
direct retainers are already well described in the literature, to which 
the writer will, due to lack of space, omit reference. The various 
clasps of Drs. Gillett, Roach, Goslee, Beach, Rice and others can be 
studied to the greatest advantage. : 

Adhesion.— While the force of adhesion, of prime importance in 


edentulous cases, is of secondary importance in partial dentures, 


yet, in certain cases in which its use would relieve the few remaining 
teeth of undue strain (Plate III, Squares 47 to 49) its importance is 
1 If the impression methods used result in casts of exceptional accuracy, as, for 


example, the method described on page 382, the impression may be made first, and the 
clasps subsequently surveyed and made upon such a cast. 
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considerable. In such a case the original Greene method of securing 
impressions or as modified by Supplee and others, using Kerr’s com- 
pound, with trays avoiding the muscle contraction, and, if necessary, 
the sectional method, allowing the impression of all but the labial 
surfaces of the teeth to be returned to the mouth, with softened edges 
for muscle trimming until the impression passes a test for adhesion 
by remaining in position while the patient makes dislodging movements, 
and, with the first impression in position, the subsequent adjusting of 
a separate piece of compound representing the labial surface, will 
secure a high degree of adhesion. 

Adhesion depends on molecular attraction between a film of saliva 
held in position by capillary attraction and the base on one side and 
the mucous membrane on the other. 

Capillary attraction is lessened as the approximating surfaces become 
separated, therefore it is especially necessary in securing good adhesion 
to preserve close contact at the periphery, avoiding, however, the 
detaching influence of muscular contraction. It is patent also that the 
amount of adhesion is in direct proportion, not only to the accuracy of 
the adaptation, but to the area of adaptation. Therefore, the dimin- 
ishing importance of adhesion in small saddles. The above-mentioned 
technic seems a method of securing adhesion in harmony with physical 
laws. | 

Compound Direct Non-precision Retainers and Their Indications and 
Contraindications.—All compound direct retainers are made up, as 
already stated, of two interlocking elements, one of which is attached 
to the denture and the other attached to the tooth by means of inlay, 
crown, bridge or similar device. 3 

The indications for the use of compound retainers is clear cut, 
namely, upon: (1) The teeth desirable for retention, having carious cavi- 
ties, faulty enamel or any condition requiring inlay or other reparative 
work; (2) fillings, inlays, crowns or even bridges fixed, which may be 
removed and replaced with one of the members of the compound 
retainer attached by solder; or, in a word, teeth with crowns whose 
contours must be wholly or partly restored, or which are entirely 
unsuitable for clasp retention. The practice of cutting into sound 
teeth, which are suitable for clasp retention, for the sake of using 
compound retainers (a thing quite occasionally done), seems entirely 
indefensible. 

The Roach Attachment! No 1.—The well-known Roach retainer con- 
sists of a split-tube slipping over a ball (Fig. 295). The contact of 


1 The word “attachment’’ has heretofore been used in an indiscriminate sense. Here 
are three meanings in prosthetic dentistry: 
_ (a) That part of the denture joining the teeth to the base and other parts (see 
Chart 3 and Fig. 260). 
(6) A device for retaining, or retainer, as the Roach attachment (the original mean- 
ing). 
(c) A flexible connector, as the Dresch attachment (Fig. 309). 
In this chapter the meaning of the word attachment will be limited to the original, 
namely, that part of the denture joining the teeth and other parts of the denture to the 
base. 
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the two elements being the line around the circumference of the ball, 
only this retainer may be set with quite sufficient parallelism without 
the aid of special “jigs.” The action of the Roach retainer is purely 
tenso-friction, and it also allows for “settling” without placing an 


Fic. 295.—Roach retainer No. 1. (Wilson.) 


undue strain upon the tooth or teeth involved. Carefully placed in 
the central position in the embrasure (Fig. 296), in combination with 
similar or other means of both direct or indirect retention, many com- 
binations may be obtained, as will be noted in the text which follows. 


ROACH 
ATTACHMENT 


IN CENTRE 
OF EMBRASURE 


Fic. 296.—Showing proper location of Roach retainer (or attachment) in center of: 
embrasure. 


Roach Retainer No. 2.—As seen in Fig. 297, the new device is 
similar to the original, as set forth in the literature accompanying it: 

“The newer (No. 2) style is simpler in practice because the tube, 
contact-spur, and anchorage-lug are all made from a single piece of 
clasp metal at our factory, and, in that form, obviates the necessity 
of building up this part of the attachment in the laboratory. No. 2 
is, by reason of its flatness, more compact, and is better, for this 
reason, in many cases. In addition, the button of the newer form, 
carrying as it does a wide flattened base, is much easier to solder, and 
the union tends to be more secure. The choice of the best style to 
use must, of course, be left to the judgment and experience of the 
operator.”’ | | 

In addition to this, due to its smaller size, the button may be reversed 
and recessed in the inlay (Fig. 298, B). 
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It may be noted in passing that the Roach retainer No. 2, approaches 

very closely the class of the precision direct retainers, and must be 

handled with great care as to parallelism of the elements and general 

accuracy of technic. As such, its use is practically limited to root- 
supported partial dentures. 


Fic. 297.—Roach retainer No. 2. 


Single Stud.—A stud is a positive retaining device, usually used in 
conjunction with other retaining devices located on the opposite side 
of the mouth, and consisting of a projection of slightly inverted cone- 
shape of about 14-gauge (Br own and Sharpe), and about 3 mm. long, 
which engages in a recess in an inlay, crown, bridge, pontic or similar 


A B 
Fia. 298.—Roach retainer No. 2. A, buttons soldered to inlay to the lingual of 
contact point. It is sometimes possible and desirable to reverse the retainer, embedding 
the tube in the inlay. This plan still further lessens the interference of the retainer to 
the first tooth to be put on the plate. (See small cut, B.) 


device (Fig. 299). It is usually used with dentures restoring teeth on 
one side only and in conjunction with a rest or indirect retainer, and 
is made to engage in a horizontal direction in the hole or recess, while 
on the other side of the mouth other attachments, such as clasps or 
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Roach retainers, are employed, permitting the saddle to slip home in a 
vertical direction. The removal of the piece is accomplished in reverse 
order, as it may be pulled away vertically and then horizontally, thus 
disengaging the stud. 
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STUD 


ELEVATION, 


bias (DRAWN 
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INGUAL BAR . SY 
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DIRECT 
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INDIRECT 
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RETAINER 


CAST WITHOUT DENTURE. LOWER DENTURE. CAST WITH DENTURECLASS 1 


Fig. 299.—1, 2, framework in position; 3, first step in removal, clasp raised; 4, second 
step, clasp free of bicuspid, piece moved laterally disengaging stud; 5, metallic frame- 
work. (N. B.—Insertion done in reverse order, stud placed first, then clasp.) B, plan 
of restoration. 


Ring and Stud.—In certain cases, such as those in which retention 
is desired on a shell crown, half hood, or similar comparatively thin. 
covering on the lingual side of a tooth, the process may be reversed and 
a stud soldered to the crown, and in this stud a ring may be engaged. 


RYE AAGAGA 


Fair Good. 


Fic. 300.—Proper shape of stud. A, cylindrical stud closely fitting a cylindrical 
hole does not allow other side of denture to pass other retainers without dislodging 
inlay; B and C, cone-shaped stud (only fair as allows play when stud is not perfectly 
seated); D and E£, inverted cone form, good (no play in any position of stud). 


This has an advantage also in the case of elderly persons and persons of 
poor sight, enabling them more easily to “‘find the place,” but should 
not be used on small inlays, as the dislodging influence from leverage 
may be too great (Fig. 300). 
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Double Stud.—In occasional cases studs may be opposed to one 
another to advantage, the appliance being removed by springing the 
studs together, thus releasing the piece. A very good example is a 
simple retainer for an obturator (Fig. 302), in which two inlays with 
recesses were made on the lingual sides of both the upper first molars 


INDIRECT B CROWN WITH 
RETAINER INLAY WITH 
sTUD 


OUT DENTURE. 


DIRECT 
RETAINER es 


(~ inoinect =f 
RETAINER 
Va M 


4 INDIRECT — 
RETAINER 


5 CAST WITHOUT DENTURE. 6 LOWER DENTURE. 7 CAST WITH DENTURE CLASS 1 


Fie. 301.—Reverse of Figs. 299 and 300. -Stud soldered to crown, B, and recess for 
this in a ring, mounted on framework. Care should be taken in scoring both inlay and 
cavity immediately prior to cementation. 


and an arch of 14-gauge wire rolled slightly flat and terminating at 
each end with a stud, and with mesial and distal” rests to prevent 
rotation. This springs in and out, providing a very satisfactory attach- 
ment for an obturator, with the cutting of only two inlay cavities on the 
lingual sides of the upper first molars. . 


C 


Fic. 302.—Showing use of the double opposed stud in an obturator frame. Two 
_ inlays with circular 14-gauge recesses are made for the lingual surfaces of the molars. 
A piece of flattened 14-gauge platinum and gold wire is arched across the palate, B, 
and armed at each end with a stud; upon this is attached the obturator hinge. The 
piece is removed by springing one of the studs lingually, C, in releasing the piece, and 
the insertion is accomplished in reverse order, one stud engaged first, then the other 
sprung into position. 


Double Opposed Ring and Stud.—'The ring and stud may be used in 
place of the opposed stud. Fig. 303 shows the application. If uncut 
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teeth are to be used for inlays, an advantage exists here, inasmuch as 
the depth of the inlay need not be as great as in Figs. 299, 300 and 302. 
Care must be taken to score the inlay and cavity immediately prior to 
cementation. 


DIRECT * 
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CAST WITHOUT DENTURE. UPPER DENTURE. CAST WITH, DENTURE CLASS 4 


Fic. 303.—Showing the use of double opposed ring and stud in support of obturator. 


Methods of Increasing Fixation of Inlays Which Are Part of Direct Com- 
pound Retainers.—In the simpler forms of inlays, the placing of opposed 
grooves in the inlay against opposite opposed grooves made in the 
cavity after withdrawal of wax gives a very decided element of strength 
against dislodging stresses (Fig. 304). In the compound forms the use 
of one, two, and sometimes three pins of 20-gauge metal, located in 
suitable positions, subsequently threaded to be received into holes, also 
threaded, is an additional advantage. In the M. O. D. forms of cavities 
the opposed groove and occasionally pins and diagonal tapered locking 
pins materially assist (Fig. 304). The necessity for devitalization in 


ATS 


Fig. 304.—A, C, D, showing (in section) use of opposed grooves in inlays. Note 
that, in order to remove these inlays, the rod of cement between these opposing grooves 
must be sheared. Shearing is one of the strains to which the cement is most resistant, 
so that, in this instance, the adhesion-cohesion of the cement which retains the inlay is 
enormously supplemented by rods of cement which practically lock the inlay in position. 


these instances is largely a matter for separate consideration, depending 
on such conditions as age, history of pulp behavior, roentgen-ray infor- 
mation, amount of caries, amount of stress to be borne and similar 
considerations. When more extensive preparations involving pulp 
destruction are necessary, the condition appears to be more properly 
embraced in crown and bridge science rather than prosthetic dentistry. 
For inlay with dowel, half-hood with dowel, and similar preparations, 
a locking screw made from the well-known Blue Island screw post 
and accurately fitted after cementation, mechanically provides against 
movement in the only remaining direction of egress (Fig. 305). 
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Indirect Retention.—It may be noted that all retaining devices 
previously described in this chapter exert their retaining function 
directly upon the tooth or teeth to which they are attached. 

In, for example, Fig. 306, Section 2; it will be seen that an extension 
is carried forward to the cuspid. Without this extension it may be 
well imagined that difficulty would occur in retaining the most remote 
part of the denture, namely, the distal end of the saddle. Should the 
retainer grasp the bicuspid sufficiently for adequate retention, there is 
a danger that the bicuspid would, during mastication, be subject. to 
torque similar to that described in Figs. 322 and 323 with accompanying 
text. With the extension, however, as shown in this figure, and in 
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A 
Fig. 305.—Steps in construction of lock screw, using inlay and dowel as example. A, 
preparation complete; B, wax pattern and dowel fitted; C, inlay; D, hole for locking 
screw; L, hole for locking screw in tooth, drill guided by hole in inlay already made; F, 
hole in tooth enlarged; G, inlay being tapped; H , locking screw in position turned perma~ 
nently home before the cement has set 


the lower drawing, in Fig. 306 (which is a diagrammatic lingual eleva- 
tion of this restoration), it may be seen that, if the saddle tends to drop 
at its distal part, it is checked by the contact of the indirect retainer 
at the cuspid. The work (retaining the saddle), coming from the 
power (the contact of the indirect retainer upon the cuspid), through 
the fulcrum (the direct retainer on the second bicuspid). 

It may be noted that the rationale is a modification of the lever of 
the first class in which, in this particular instance, the power 1s likened 
to the rest which is in contact only with (not pressing on) the cuspids; 
the fulcrum, to the Roach retainers; and the tooth, to the resultant 
force which holds the piece in its position (Fig. 306). 
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Indirect retention, therefore, may be spoken of as the utilization of 
a force (P) remote from that part of the denture to be retained, between 
which another of the direct forms of retainers is interposed (/), the 
resultant force (W), tending to seat the saddle more firmly in position. 
This scheme or system of retention may be used in a great number of 
modifications, and is specially useful in unilateral cases with retention 
for the saddle at one end only, as in Fig. 306. 

It would appear at first glance, taking Fig. 306, Section 2, as an 
example, that the indirect retainer resting upon the sloping lingual 
surface of the cuspid might act as an inclined plane and move this 
tooth labially as an orthodontia appliance. The indirect retainer must 
be in contact with the cuspid, and nothing more; so that, taking the 
fulcrum line as the balancing line, the upward thrust of the indirect 
retainer would equal the weight of that part of the partial denture on 
the opposite side of the fulcrum line to the indirect retainer minus the 
tenso-friction in the direct retainer; which results in a negligible quan- 
tity. In fact, if there were pressure rather than contact in this case, 
the result would likely be that in a day’s time the distal part of the 
saddle would be pressed up so hard that there might be an injury done 
to the mucosa at this point. 

In order, however, to provide a wide margin of safety, the writer 
recommends that indirect retainers be not applied singly to central 
or lateral incisors, upper or lower. 

Indirect retention is not necessarily applied in all cases to the surfaces 
of teeth. Under favorable circumstances indirect retention may be 
derived from saddles which are made to rest on the mucosa, as in 
Square 20, Plate I, and Squares 30, 36 and 42, Plate II. 

Classification of Restorations, Based on Retention, and the Character- 
istic Variations of the Indirect Retention to Secure Balance.—A classifica- 
tion is useful when, in the grouping together of the various examples 


Fia. 306.—Indirect retention. Upper drawing, Sections 1, 2, 3, 4indicate various posi- 
tions ofan indirect retainer as considered in the text. The distance between the ful- 
crum line and the indirect retainer, and the distance between the fulcrum line and that 
part of the denture most remote from it, should equal one another, if possible. Refer- 
ring to the upper drawing, Sections 1, 2,3 and 4, it will be noted that, in the same case, 
these first-named distances (marked A, B, C, D) progressively diminish, and with it 
the indirect retention afforded. 

Also, there is a difference in the reaction against the cuspid carrying the indirect 
retainer. This may be explained by comparing Section 1 with Section 2. In Section 1 
distance A and A! are equal, so that the reaction against the cuspid would be the weight 
of. the denture minus the tenso-friction on the direct retainers. In Section 2, however, 
the distance B is approximately one-third of the distance B!. Hence the reaction against 
the cuspid is multiplied by 3 minus the tenso-friction. 

In this particular case this is still negligible, and perhaps desirable, because the denture 
in Section 2 is smaller and more compact than the one in Section 1. 

In Sections 3 and 4, however, the leverage is somewhat undesirably great, especially in 
4, in which the upper right first bicuspid has the double duty of supplying direct as well 
as indirect retention. 

The lower drawing illustrates that indirect retention is an application of the first 
class lever, as also described in the text. 
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of a class, similarities and dissimilarities may be pointed out which 
simplify the problem. . | 

The classification here proposed is that of finished restorations 
rather than that of unrestored conditions,! and is based primarily upon 
the position of the direct retainers, and secondarily upon the position 
of the indirect retainers (in the first two classes only). 

The hypothesis is that all partial dentures may be divided into four 
different classes as follows: 

1. X Diagonal: Direct retainers (two in number) diagonally 


opposite. 

2. + Diametric: Direct retainers (two in number) diametrically 
opposite. 

3. (| Unilateral: Direct retainers (two or more in number) on 
same side. 


4. A Polylateral: Direct retainers (three or rarely four) in a 

triangular (or rarely, in quadrilateral) relationship. 

The First or Diagonal Class of Partial Dentures and the Fulcrum Lines 
as an Indication of these Classes.—A study of Plate I, with twenty- 
four restorations, will first show that all of the examples carry a dotted 
line which passes approximately in a diagonal and central position upon 
each denture (including natural and artificial teeth). This dotted 
line joins the two direct retainers, which is the number of direct 
retainers peculiar to this class of denture, as indicated by the position 
of the direct retention in the denture. Prothero has called this line 
the fulcrum line? In this class the fulcrum line passes diagonally 
across, which is the basis of the first or diagonal class. 

Another noteworthy phase may be pointed out which will assist 
in the choice of design of indirect retention. In the examples in Plate I 
if a line be drawn from that part of the partial denture furthermost 
from the direct retainers to the point of application of the indirect 
retainer, it will be found that this line crosses the fulcrum line at 
right angles, making a diagonal cross. For this reason the sign X is 
chosen as representing the first or diagonal class of partial dentures. 
As noted in Fig. 306 the denture should be as nearly in balance as 
possible, as considered in the legend under this figure. 

The Second or Diametric Class of Partial Dentures .—A study of Plate 
II, showing eighteen restorations, will also show the fulcrum line pass- 
ing diametrically across each denture, including both natural and arti- 
ficial teeth. In the examples in Plate II, if a line be drawn from that 
part of the partial denture furthermost from the direct retainer to the 
point of application of the direct retainer, it will be found that this 
line crosses the fulcrum line vertically. For this reason the sign + is 
chosen as representing the second or diametric class of partial dentures. 


1 A classification of unrestored conditions is proposed by Dr. Edward Kennedy, New 
York (Items of Interest, January, 1925, p. 23). 
2 Prothero’s Prosthetic Dentistry, p. 247. 
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The Position and Adjustment of Indirect Retention.— From the fore-' 
going, the position of the indirect retainer, if chosen for retention, may 
easily be determined, namely, at a general position opposite to that 
part of the partial denture least supported by the direct retention, 
between which two positions the fulcrum line passes. From the general 
position a tooth is chosen, which may be any tooth except a central 
or lateral incisor, but preferably one in which the occlusion permits 
the indirect retainer to be applied to an occlusal surface. The indirect 
retainer should be adjusted so that there is no pressure, but only con- 
tact, and should pass to the tooth chosen from the nearest part of the 
denture using any depression, as ruge, in which its presence would be 
least noticeable. It should not, as a rule, be led into the gingival 
margin (Fig. 307). In addition to this, it is desirable, if not always 
necessary, to have the indirect retainer and that part of the denture 
furthermost distant from the direct retainers as nearly as convenient 
equidistant from the fulcrum line. Fig. 306, Sections 1, 2, 3, 4, shows 
a series of variations in position of this distance in which 1 is, upon 
this basis, given the most, and 4 the least, favorable balance. It must 
always be remembered, however, that these forces are small and are 
under adverse conditions, but the weight of approximately half the 

denture, minus the tension friction in the direct retainers. 


BAD GOOD 


Fig. 307.—Indirect retainer should not be fitted into, but over the gingival margin. 


The Contacts in Indirect Retention.—In Chart 4 is shown the main 
subdivision of the contacts used in indirect retention are as follows: 
(a) Contact only; (b) carrying the stress of mastication, both of which 
are subdivided as surface and recessed. For surface contacts half- 
round or round wire 14-gauge (B. and S.) may be used, either wrought 
or cast and may be designed as shown in Fig. 312. Numerous examples 
may be seen in Plates I and II. 

Recessed contacts are those which because of such reasons as 
lack of space and similar reasons, are recessed in a crown, bridge or 
inlay. While no specific examples of recessed indirect retainers carry- 
ing no stress of mastication are shown, yet in Plate I, Squares 1, 2, 3, 4, 
13, 17 and 18 what may be considered similar cases, showing the indi- 
rect retainer recessed in an inlay. The advantage of recessed indirect 
retaining contacts may readily be seen. The indirect retainers carrying 
the stress of mastication will be considered under Occlusal Rests, with 
which they are identical. Plate I, Squares 6, 9, 10, 11, 12, 14 and 15, 
shows examples of these. 
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1. 14-gauge wire (rounded). 
Surface | 2. Cast. 
( Contact only 1. 14-gauge wire obliquely re- 
Recessed cessed in inlay or similar. 
2. Cast to fit oblique recess. 
Indirect retainers 1. Various occlusal rests and pads, 

(Classes 1 and Surface partial, full or multiple. 

2 only) Carrying stress of the 2. Right 2 loop, M.D., B.L., L.A. 
teeth and mastica- hi VES oblique wire recsasadl 
tion in inlay or similar. 

Recessed | 2. Casting oblique recessed in 
inlay or similar. 
CHART 4.— Diagram of the contacts used in indirect retention, as subdivided in Chart 3, 
from which the above is produced. 


The Two Remaining Classes which use Direct Retention Only.— These 
are the third or unilateral class, in which the retention is, from the 
number and position of the remaining teeth, derived from teeth on one 
side only; and the fourth of polylateral class, using out of necessity 
three or more direct retainers. Examples of these may be found in 
Plate IIT. 

Connectors.— Connectors have been denned as those parts of a 
partial denture which join the base to the retainers or to the occlusal 
rests. 


1. Rigid 1. Simple ‘ 1. Grasshopper. 
5. Connectors ( 2. Butterfly (Fig. 308). 
2. Flexible ie Dresch (Fig. 309) and various other 
2. Compound similar devices. 


Cuart 5.—Diagram of connectors used in partial denture service, and their sub- 
divisions as seen in Chart 3, from which this is reproduced. 


The rigid connector is used for this purpose in cases in which it is 
desirable to transmit the load of mastication to the remaining teeth, 
or to divide the load between the remaining teeth and the mucosa. 
Examples of the former are found in Plate III, Squares 46, 51, 59 and of 
the latter in 57, 58, 66 and 69. In its construction approximately 
14-gauge round section, wrought or cast, may be used. The connectors 
should occupy a position in the center of the embrasure, and should 
be attached to the body of the clasp in order that the resiliency of the 
arms may not be interfered with. 

In cases in which it is desired to relieve the retaining natural tooth 
from all except the minimum of the additional stress involved in reten- 
tion, a flexible connector may be used. Other indications for these 
are all cases in which mucosa support is indicated, cases of a lack of 
bone or of any other adverse condition of the retaining teeth; and for 
saddles upon a less dense and consequently reduced mucosa in which 
the saddles would move greatly in excess of the slight motion of the 
natural teeth. 

Flexible connectors are formed from elastic wire of various forms 
(Chart 5) and are also manufactured for the use of the profession, 
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usually of an interlocking type of two parts. The Dresch flexible 
connector or stress-breaker, so-called, is a well-known example of the 
latter. 


Fig. 308.—A simple flexible connector (W. A. Giffen) of 18-gauge elastic wire. An 
independent saddle movement is here secured, but without support from adjacent 
teeth. This type is occasionally referred to as “ butterfly.” 


Occlusal Rests. —Contrary to the flexible connector stress-breaker, 
the occlusal rest is used in the main for transmitting stress to the 
remaining teeth. In many’ instances, in which partial restora- 
tions are required, the occlusal surfaces of the remaining upper and 
lower teeth approximate one another very closely because of wear 
and other natural causes, and entirely prevent the use of surface occlu- 


Fic. 309.—A compound flexible connector. (Dresch.) 


sal rests of any type. In instances of this kind, it would seem that 
cutting of tooth tissue to the extent of preparing an inlay sufficiently 
large to permit a recess for the engagement of a 14-gauge occlusal rest 
in its surface is quite unavoidable inasmuch as surface occlusal rests 
require a thickness of at least 16-gauge (B. and S.) (see Fig. 310), at a 
point immediately over the marginal ridge. Only in instances in which 


308 PARTIAL DENTURES 


it is impossible to secure this space by removing enamel from the margi- 
nal ridge and from the opposing cusps, is an inlay preparation indi- 
cated. These inlay preparations require well-defined angular defini- 
tion in their various line-angles, and a removal of tissue on the lingual 
side to permit the reception of a 14-gauge occlusal rest preferably in 
an oblique direction through the embrasure. Fig. 310 illustrates an 
instance of this condition. Special attention is called to the rule 
relative to mesio-distal or diagonal entry of occlusal rests (see Fig. 
ALD Hy 
1. 14-gauge oblique wire. 
Recessed | 2. Casting. 
1. Quarter, half, full and multiple occlusal pads. 
2. Two-thirds rigid loop, mesio-distal, bucco-lingual, 
line-angle. 
Surface | 3. Mesio-distal, bucco-lingual, line-angle, embrasure 
and other clasps, with sufficient material on 
occlusal cone. 


Cuart 6.—Diagram of the occlusal rests used in partial denture service and their sub- 
division, as seen in Chart 3, from which this is reproduced. 


6. Occlusal rests 


Forms of Surface and Recessed Occlusal Rests.—The general form of 
both surface and occlusal rests should be approximately horizontal at 
the point of entry at the marginal ridge, and following the sulcus 
should curve rootwise at least half its length so as to direct the result- 


CARRYING STRE 
MASTICATION, 


LA 
CAST WITHOUT DENTURE LOWER DENTURE. 
A B C 
Fia. 310.—Mesio-distal and diagonal entry of recessed occlusal rests. A, occlusion 
is close, without space for surface occlusal rest (inlays are, therefore, required for each 
occlusal rest and three-arm clasp, in which are recesses for the reception of the occlusal 
rests of 14-gauge elastic clasp wire) ; B, denture out of the mouth (note the diagonal entry 
of the occlusal rests on the left side of the cut and the mesio-distal entry of these on the 
right); C, comparison chart of diagonal and mesio-distal entry of occlusal rests (diagonal 
entry involves a larger cutting of the lingual wall of cavity, while mesio-distal entry 
greatly weakens the artificial tooth). These circumstances govern the choice between 
these entries. 


ing loads from mastication along the long axis of the natural tooth upon 
which it rests. Care should be taken to have a thickness of at least 
16-gauge (B. and 8.) immediately over the marginal ridge to avoid 
breakage at this point. Figs. 310 and 312 illustrate these points. 

With regard to recessed occlusal rests, reference to Fig. 315 will 
show that similar conditions govern this form of the recessed occlusal 
rests as to this surface. 


CAST WITH DENTURE CLASS ], 
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Surface Occlusal Rests, Various Types.—It will be noted that in open 
occlusion, or occlusion which allows ample space for occlusal rests, 


TOOTH DRAWN. 
iN SECTION 


1. LErt ELEVATION, CASTS. 2 RIGHT ELEVATION, CASTS. © 


Fie. 311.—Recessed occlusal rests. Note in 3, 1 and 4, 2 inclined occlusal rests acting 
similarly to a wedge and ‘in this case wedging the teeth apart; 2, a’ horizontal, mesio- 
distal section of correct and incorrect forms of surface and recessed occlusal rests, but 
3, the hooked form, which is the safest. 

Surface occlusal rests. Note that the first drawing, 1, shows an occlusal rest in 
contact with half the marginal ridge. Unless the arms of the clasp are very heavy this 
will also act as a wedge, and will, in this case, wedge the teeth apart. 2 is a better form, 
but covers an unnecessary amount of tooth surface, while 3 is proposed as correct. 

Note I.—In each case the elevation of the case is shown, while in Fig. 310 is shown 
the plan. 

Nots II.—The drawing 4 shows the tooth only drawn in section, while the clasp is 
not drawn in section, which seems to more clearly show the meaning intended. 


| 


A B Cc 2 


Fie. 312.—Sections of surface occlusal rests, showing proper form. A, correct form 
(except it is too long) of surface occlusal rest (horizontal and curving rootwise) ; resultant 
force applied to this tooth is a normal stress and resisted along the long axis of the 
tooth; B, incorrect form of occlusal rest (rootwise curve absent, and as a result stress 
drives the tooth forward, a trauma) ; C, correct thickness of occlusal rest at point over the 
marginal ridge (this is the point of most frequent fracture, and the thickness here should 
be at least 16-gauge in a surface rest); D, occlusal rest too thin. Note.—A and D project 
too far past the sulcus, covering tooth surface unnecessarily, with a danger of capillary 
retention of saliva with fermentable contents. 


as hereinafter described (and which occurs with more or less frequency 
from the disturbance of position, and consequently of occlusion, due 
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to the partial loss of teeth), surface occlusal rests are used. With 
regard to surface occlusal rests, Fig. 313 illustrates a simple occlusal 
sulcus rest which is embodied in this denture, made by burnishing 
pure gold and adding clasp metal as a solder. 

Two instances of occlusal rests covering all or part of the occlusal 
surface of a tooth are given in Fig. 313. These are usually used to 
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Fic. 313.—Showing instance in which large occlusal rests and pads are employed on 
a partial denture (which is used here instead of bridgework), and which restore a part in 
one instance, and the whole in the other, of the original masticating function without 
any cutting of tooth tissue. A, right lateral view of same condition (note tipped con- 
dition of second molar and loss of approximately one-half the occlusal surface); B, left 
lateral view of a condition in which second bicuspid and first molar are lost (note 
entire lack of occlusion of the first bicuspid); C, occlusal view of restoration (saddles 
supplying the teeth, three-arm clasps on one diagonal, occlusal rests on the other diag- 
onal); D, right lateral view of the restoration (note restoration of occlusion); EZ, left 
lateral view of the restoration (note restoration of occlusion). 

Caution.—This type should not be used when any predisposition to caries exists. 


cover areas out of occlusion and to bring the opposing teeth into 
occlusion. Particular care must be taken to avoid the use of these rests 
and pads, shown in Figs. 313 and 314, in mouths with any predisposition 
to caries. In such cases the teeth should be built up by inlays, crowns or 
similar restorations. 

Various Positions of Occlusal Rests upon the Teeth.—In these studies, 
surface occlusal rests have been shown up to the present stage as coy- 
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ering the mesial or distal marginal ridge. Fig. 315 will show instances 
taken from practice in which, due to peculiar conditions of the occlu- ° 


Fie. 314.—Showing an instance in which an occlusal pad (an occlusal rest) covering 
the occlusal surface of one or more teeth is used to supply a deficiency in the occlusion 
at a point remote from the space supplied by artificial teeth. This type of appliance is 
only indicated in cases in which there is immunity to caries. A, occlusal view of con- 
dition before treatment; B, lateral view of condition (note lack of occlusion due to 
fracture of the mandible; occasionally due to other causes); C, occlusal view of restora- 
tion; D, lateral view of restoration; H, restoration outside of the mouth. 


sion, the occlusal rests have been used in other positions, largely due to 
lack of space. 


Fie. 315.—Occlusal rests placed in positions other than mesial or distal to endentulous 
spaces, by reason of lack of space in occlusion. A, occlusal rests covering entire buccal 
cusp of bicuspid on one side and entry on distal side of molar on other side; B, showing 
this restoration outside the mouth; C, surface occlusal rests with lingual entry on bicuspid 
and buccal entry on molar; D shows this restoration outside of the mouth. 

Norr.—The right distal occlusal rest at B embodies to a degree the principles of 
a flexible connector, because of the length of the connector or part joining the occlusal 
rest to the base. 


Rigid Half-loop Occlusal Rests (Principally for Cuspids). — Frequently 
combinations of teeth, in and out, are encountered in which lower or 
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upper cuspids are standing at the end of a space, in which the design 
indicates occlusal rest upon these teeth. A sulcus. rest is impossible, 
due to the lack of sulci in the cuspids, and the use of a recessed indi- 
rect retainer involves considerable cutting of tooth structure. The 
half-loop occlusal rest made with non-resilient arms (usually cast) 
for these cases is admirably adapted to this peculiar situation, as 
instanced and briefly described (Fig. 316). 


Fig. 316.—Showing the use of the rigid half-loop occlusal rest suitable for cone-shaped 
teeth in cases in which none of the foregoing occlusal rests are suitable, due to lack of 
occlusal surface or of space. A, an instance in which the above occlusal rest is indicated 
in a space with conical-shaped téeth occurring at the end (the cuspid shown at the right 
in the cut is required for support of the piece, and, due to the conical form of this tooth, 
this device is indicated; also the molar shown in the left side of the cut is also conical 
in shape, with tight occlusion; the use of the above device avoids unnecessary cutting) ; 
B, assembly outside the mouth; C, complete assembly (note the direct retainers, three- 
arm clasps, diagonally opposite with the rigid half-loop occlusal rests also disposed 
diagonally opposite); D, rigid half-loop as seen from the occlusal side (note that it is 
like a clasp, except that the body and arms are rigid, and that it is placed occlusal to the 
general line; and that the arms are carried sufficiently around the circumference of the 
tooth to result in these arms being at a lesser distance from one another than the.central 
portion, preventing distal displacement); H#, mesial view of cuspid (the rigid half-loop 
may be placed at any point upon the tooth above the line of widest cross-section); F, 
similar view of molar, to which a rigid loop is attached. 


The Prevention of Injuries from a Lack of Partial Denture Service. — 
Fig. 317 shows that drifting, exfoliation, excessive stress, or wear and 
stagnation may follow the loss of teeth. This picture, while composite, 
is nevertheless real, and will assist the patient to realize the possible 
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effects of an extensive loss of natural teeth without subsequent denture 
service. 


C. Prevention. 


1. Drifting. 
5. Injuries as result of extraction preventable by | 2. Exfoliation. 
good appliances 3. Excessive stress and wear. 


4. Stagnation. 


Structures. 
. Enamel, dentin and cementum, intensive caries production, 
erosion and wear, from capillarity. 


= 


2. Gingive: impingement and interference. 
3. Mucosa and subjacent bone: overload. 
4, “2 ‘$ e “strangulation. 
5. Pericementum and mucosa, with subjacent bone: overload. 
6. Pericementum: overload. 
We + torqued, vertical. 
8. NY torqued, horizontal. 
9, yi einclind plane (wedge), mesio-distal. 
10. a inclined plane, bucco-lingual. 
6. Injuries as result | 11. iw inclined plane, mesio-distal and bucco- 
of faulty appli- lingual. 
ances prevent- | 12. Mi inclined plane, axial. 
able by good 13. x lever 1st class (shears). 
appliances 14. We “ 2d “ (nut cracker). 
(presupposing 15: “s “ 3d “ (flask tongs). 


healthy mouth) | 16. Pericementum, combinations of all mechanical advantages. 
17. Dental pulp and periapical tissues, various injuries. 
18. Cheeks, tongue and soft tissues, impingement and irritation 
leading possibly to malignancy. 


Functions. ; 
19. Mastication and ultimate digestion, various injuries. 
20. Speech and voice, lisping, thick speech, ete. 
21. Hearing, interference with. 


Both structures and functions. - 
22. Any or all of above injuries, from lack of systematic mainte- 
nance. 


Cuart 7.—Diagram of the prevention of injuries, as taken from Chart 2. 


The Prevention of Injuries from Faulty Denture Service—Caries Pro- 
duction from Faulty Clasps.—It is probable that no single agency has 
resulted in a larger loss of tooth tissue through dental caries than the 
imperfect clasp which is closely fitted about the gingival margin, as in 
Fig. 318. 

In the greater number of anchor teeth to which clasps are fitted, 
these are either standing alone, or at the end of a series of teeth, 
immediately adjacent to which extraction and consequent resorption, 
with exposure of the cementum, have taken place. Such a clasp, fitted 
to the tooth with its gingival border in contact with the gingival margin, 
has the effect of holding a solution of food and saliva (the concentra- 
tion of which depends largely upon the hygienic habit of the wearer) 
under conditions of warmth and moisture, which are ideal for bacterial 
action and consequent dental caries at this point. In addition to this, 
enamel protection is lacking, and this decomposing mass is held by 
capillary action directly against this part of the tooth least able to 
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Fig. 317.—A diagram of malocclusion and loss of function which may occur following 
extraction under conditions of prior resorption or predisposition to periodontal disease 
—or from other causes, and which may be checked at any of the above stages by insertion 
of well-designed and executed partial denture. A, before extraction; B, immediately 
after extraction; C, lower molar drawn forward through cicatricial pull, upper second 
molar and bicuspid moving together through inclined planes in occlusion with lower 
(distance between jaws becoming slightly less, due to third lower molar carrying greater 
pressure and consequently more reaction from inclined planes; food packs between sepa- 
rated teeth aggravating conditions); D, upper bicuspids and molars driven further out 
of position by inclined planes and drifting (lower first bicuspid drifting distally from 
impact of inclined plane of upper cuspid; upper third molar wedged distally by lower 
third molar, intermaxillary space decreasing) ; E, lower second molar has wedged between 
the upper third and second molar, driving these apart (upper cuspid wedging between 
lower cuspid and lower first bicuspid, driving lower cuspid also forward and crowding 
the anterior teeth; food packs in spaces; intermaxillary distance decreasing); F, upper 
molars and bicuspids now touching lower ridge (lower anterior driving forward and 
spreading the upper anterior teeth; mastication now practically nil and painful). 
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Fic. 318.—Detail of gingival irritating and caries-producing clasp. A, frequent 
condition requiring partial prosthesis (often at the distal surface of the bicuspid the 
cementum will be exposed above the gingival margin, due to resorption); B, faulty 
denture fitted to this case with faulty clasp, which is in contact with and irritating the 
gingiva, in addition to retaining by capillary action decomposing food against the 
cementum, causes caries; C’, showing denture out of the mouth (note fitted parts of base 
against lingual aspect of teeth, producing gingival irritation and caries); D, showing 
details usually found in this type of clasp (the clasp is fitted against the buccal surface 
only, and base is carried high up on the lingual side, girdling the exposed cementum 
with decomposing food, and also irritating the gingival margin); E, buccal aspect 
of B, showing clasp partly covering enamel and partly covering cementum; F, diagram- 
matic view of clasp, tooth and gingiva at section B, a-b; G, showing the same clasp (to 


which an occlusal rest has not been fitted) settled and causing acute gingival interference 
in addition to caries. 
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resist caries. While this unfortunate condition is greatly decreased by 
cleansing of the teeth and dentures after use, yet the fact remains 
that this vicious type of design has been the means of needless sacrifice 
of a large percentage of teeth, which may be entirely avoided by a 
properly designed and executed clasp, kept in contact with the enamel 
only, which can be made with practically the same effort as the faulty 
type. 
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Fig. 319.—Detail of properly designed and constructed clasp (note clasp joined to 
base by rigid connector in such a manner as to allow the base to remain out of contact 
with gingiva); A, restoration for condition (note freedom of contact for denture at any 
point except clasps, which touch enamel only, and contact of indirect retainer) ; B, buccal 
view of same restoration (note lack of interference at the gingiva); C, lingual view of 
same restoration; D, sectional lingual view of a spring between the clasp and base; £, 
details of occlusal rest, connector, clasp, elliptic bar, etc., seen from occlusal side; F’, the 
above seen from distal side. 


( 
FROM DISTAL 


Faulty Clasps without Occlusal Rests which ‘Settle’? and Fail to 
Support Mastication.—As will be set forth in a subsequent section, an 
occlusal rest reaching from the clasp to the occlusal surface of the 
tooth is, in favorable cases, as considered in Fig. 321 and accompanying 
text, desirable by reason of more efficient support for mastication. 

As a general proposition, Black has stated that the natural healthy 
teeth will carry from six to ten times the pressure that the mucosa will 
sustain, a conclusion based on comparison between a full natural and 
a full artificial denture. While these ratios can only approximately 
be applied to partial dentures, yet this explains an element of the 
faulty design in a large proportion of partial dentures in use and under 
construction in which no devices are used to engage the teeth to assist 
the mucosa in carrying the stress, where there are a sufficient number 
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of teeth with sufficiently short edentulous spaces for this to be possi- 
ble, as considered in Fig. 8321 and accompanying text. Patients wear- 
ing such dentures are able to exert but a fraction of the masticating 
pressure, which diminishes both the quantity and quality of assimila- 
tion. In addition to this the occlusal rest effectively prevents the 


Gs 
(2) eS) 


A CONDITION AS PRESENTED 


Hl- A PROPER RESTORATION L. SAOWS “HH” OTS/DE MOUTH 


Fia. 320.—Series of designs showing, in reverse order of merit, anterior ten natural 
teeth in position. The problem is to supply molars. A, condition before restoration; 
B, worst design, interference of entire gingive by base, also with faulty clasp; C, better 
treatment of Case in A, as embrasures between anterior teeth are clear of the denture; 
D, better, anterior teeth entirely unaffected; lack of stability in denture at rear due 
to absence of indirect retainers and bicuspids engirdled by clasp and base at gingive; 
E, vault uncovered; eight anterior teeth clear; bicuspid engirdled as before; F, clasp 
fitted to buccal side only; danger of moving teeth lingually; indirect retainer fitted; G, H, 
a proper restoration; clasp with occlusal rest (three-arm clasp), indirect retainer; all 
parts out of contact except clasps and contact of indirect retainer; these in contact with 
enamel only; no gingival contact; J, restoration out of mouth (note that, if conditions 
warrant, a flexible connector may be used here), but which would result ordinarily in a 
denture not as efficient as one with a rigid connector. 


tendency on the part of the clasp to be depressed or “‘settled’’ between 
the free gingiva and the tooth. Such clasps, fitted at first close to the 
gingival margin, “‘settle’ readily into the soft tissues, especially when 
attached to partial lowers with a limited saddle area. No greater or 
more destructive agency can be applied to the teeth of patients than 
such a clasp, which produces a combination of caries and a succession 
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of the various peridental diseases, which can only result in the sure 
and rapid destruction of the tooth from either, or from both. 


| COMBINATIONS TWOS THREES AND FOURS UNDER. 
COMBINATION. RATIO. EXAMPLE. | 


4 ARTIFICIAL TEETH 6 
NATURAL TEETH 2 


5 ARTIFICIAL TEETH 4 ; 33 5 
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Fig. 321.—An estimation of the capabilities of natural teeth at each end of an empty 
space in supporting loads, eliminating inhibited muscle traction and auxiliary mucosa 
support. The illustration shows various combinations of two, three and four teeth under 
the loads of three, four, five and six masticating surfaces. 


The first space indicates three masticating surfaces over two roots. This is considered 
‘3 masticating surfaces = 3 


safe ag ——£—___________ = 1.5, which, it is estimated, roots can safely carry. 
2 roots , 
4 masticating surfaces = 4 
Was second space we have —————___________ = 2.0, which is estimated as 
2 roots 2 
safe. 
5 masticating surfaces = 5 
Pee Gucl space we haye —————____ = 2.5, estimated as a possible 
2 roots 2 


overload, or on the border-line. 
The remaining spaces work out in a similar manner, the fourth space being an estimated 
overload. 


Faulty Saddles which come in Direct Contact with the Gingival 
Margin and with the Teeth Themselves.— Whether of gold or vulcanite, 
any part of any denture which rubs or presses on the gingival margin 
not only rides upon and irritates this margin, but also holds food in 
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solid or dissolved form upon the surfaces of the teeth involved at which 
the least possible resistance to; caries is offered. Such dentures have 
been in very extensive use by the dental profession, and have resulted 
in the loss of a large number of teeth. This may be avoided in th 
greater number of cases by the modifications in design. | 
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Fie. 322.—Illustrations of torquein both sagittal and horizontal planes. 1 indicates 
a restoration which places a torque upon the bicuspid teeth that becomes a leverage as 
the root is pressed against the alveolar process at C2, the process becoming in a sense 
the fulcrum. At the same time there is pressure at Cl and negative pressure at C4 
and C6, as considered below. 2, tightly and accurately cast clasps of width indicated, 
also a condition of soft mucosa under the saddle being presupposed (and, as may be seen, 
torque would be greatly minimized should the mucosa support be more firm). A, plan 
of restoration; B, elevation; C, indicating torque forces at work, from approximate 
center, as indicated. 

In diagram 1C the heavy arrow indicates the pressure of mastication and the saddle 
being driven against, and sinking into, the underlying mucosa. The saddle and clasp 
being continuous, and the tooth being firmly held, an actual rotation or torque takes 
place, the approximate center of which is indicated in the middle of the tooth, and the 
direction indicated by curved arrows. ‘This torque causes compression areas at 1, 2 and 
3, also stretching or tension areas at 4 and 6. 2D, 2E and 2F indicate a torque which 
may be followed by a leverage on a horizontal plane. 2D, before treatment; 2H the 
appliance (also faulty, in that the cast multiple clasp should be a wrought clasp) in some 
cases with a flexible connector; 2F, indicating the torque with heavy arrow indicating 
force of lateral movement in masticating. Should the ridges be prominent and the 
mucosa dense, this torque is greatly minimized. The center of rotation or torque is © 
indicated by the small circle at the contacts of the teeth; the curved arrows also indicate 
the direction of torque. 


Mucosa Overload.—An overload of the mucosa will occur when 
saddles of too small area are placed upon it. Examples of this weight 
occur from a choice of a skeleton base rather than one covering the 
entire vault, as in Fig. 320, and also from a short saddle carrying 
two teeth without occlusal rests. 

Pericememtum and Subjacent Bone, Overload.— Based upon clinical 
observation extended over many decades, it may be assumed that, 
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among the posterior six teeth, the teeth at the end of an enclosed 
space (with natural teeth at both ends of the space) caused by two 
missing teeth will support without overload a bridge retaining these 
teeth, assuming that occlusion and other details of the replacement are 
up to standard. From this it is assumed, as noted in Fig. 321, that 
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Fie. 323.—Overcoming torque on a space with a tooth or teeth at one end only, and 
the approximate distribution of the load with and without occlusal rests. A, diagram- 
matic representation of Hooke’s universal joint, indicating something of this freedom of 
motion about the tooth, yet capable of delivering load to it, similar to a clasp with 
occlusal rests; B, C, plan and elevation of case chosen as illustrated; D, case with clasp 
and no occlusal rests, or with flexible connector; the black rectangle indicates absorption 
of whole load of the mucosa, without torque on bicuspids; E, case with clasp and occlusal 
rest; the black triangle indicates absorption of load—tooth absorbing load at mesial 
end of saddle, and tooth support decreasing and mucosa support increasing toward the 
end of the saddle, at which point it is entirely mucosa-borne. The clasp must be free 
to rotate about the tooth, which, as a rule, may be accomplished by having wrought 
clasps with flexible arms, and by keeping the body of the clasp above the guide line. 
See Surveying and Design of Clasps, p. 324. Note.—Rotation does not occur unless the 
direct retainers have occlusal rests or their equivalent. 


spaces of one, two or more and, under favorable circumstances, three 
missing teeth may carry root supported restorations; meaning in partial 
denture service that occlusal rests of the most suitable type are indi- 
cated at each end of the partial denture restoring the teeth in this 
space. 

24 


370 PARTIAL DENTURES 


Torque, Vertical and Horizontal.—In the case in Fig. 322, should the 
pericementum be compressed against the alveolar process to such an 
extent as to act as a fulcrum, torque is then followed by leverage. 
Hence in Fig. 322, C, should the torque proceed to such an extent 
that the pericementum at 2 is compressed and forms a fulcrum, a 
first class lever is set up, with P at the heavy arrow (masticating 
power or force), F at 2 and W compressing the pericementum at 
1 and 2, with the reverse condition 4 and 5. Should, however, ‘the 
compression of the pericementum and consequent fulcrum first occur 
at 1, a second class lever is established with P at the heavy arrow 
(masticating power or force), Ff at 1, and the resulting W at 2. The 
foregoing is an incomplete description of these destructive conditions 
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Fic. 324.—Interferences in the occlusal position. In the upper diagram at A an 
interfering clasp is shown: (1) before fitting; (2) fitted, but interfering; (3) after the 
interference is corrected. B and C show similar instances, except with an occlusal rest, 
and with an inlay for an interlocking attachment. D indicates a shallow groove at the 
expense of the marginal ridges and the opposing cusps for a crib, avoiding a similar 
interference. The rule is that the remaining teeth should articulate the same with or 
without the appliance. 


as they operate more or less in all planes, while the above illustration 
is in a vertical plane only. The remedies for these conditions are: 
substitution of wrought clasps for cast clasps; interposition of flexible 
connectors (Fig. 309) or modification of clasps, so that they readily 
rotate upon the anchor teeth (Fig. 323). 

Inclined Planes.—Any part which delivers a load against the sloping 
surfaces of natural teeth will react against these teeth as an inclined 
plane, driving them against the alveolar border, somewhat similar 
to the condition shown in Fig. 322. Illustrations of faulty occlusal 
rests and other inclined planes are shown in Fig. 324. The most pro- 
lific source, however, is faulty articulation (see chapter on Articulation, 
p. 222). 
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Intermaxillary Balance.—Another important phase of the loading 
problem may be noted by a study of Fig. 325, in which various balanced 
and unbalanced intermaxillary combinations are shown. For example, 
in this Fig. 325, combination No. 1, showing upper and lower, right 
and left posterior teeth in contact, is an example of intermaxillary bal- 
ance, while combination 7 showing upper and lower right posterior teeth 
only in contact, is an example of intermaxillary unbalance. 


ROYAL COLLEGE OF DENTAL SURGEONS 


Fic. 325.— Mandible balance. The above diagram shows diagrammatically the var- 
ious combinations of four groups of teeth present and missing, omitting the upper and 
lower anteriors. Hach block on the horizontal lines, which represent the upper and 
lower jaws, represents the upper and lower, right and left groups of the posterior six 
teeth. Nos. 1, 4, 13, and 16 with restorations would show mandibular balance during 
function; Nos, 2, 3, 5, 6 and 11 show a lack of balance which may be eared for in denture 
service; Nos. 7 and 1/0 show a lack of balance somewhat difficult to care for under certain 
circumstances. 


In all cases of intermaxillary unbalance, every precaution, such as 
maximum saddle area, root support when possible, and systematic 
inspection, with rebasing where necessary, is indicated. Otherwise 
there is danger in such an extreme case, with all teeth removed save 
the bicuspids or molars on, say, the right side (as in Fig. 325, space 
No. 7), of the entire mandible moving to the left, with accompanying 

disturbance of the glenoid fossa. 
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The Practice of Partial Denture Service.— Having acquired and men- 
tally classified the principles of the science of partial denture service, 
these may be used as a guide to correct procedure in the practice 
of partial denture service. Practice is made up of five stages: Pre- 
liminary examination, design, construction, installation and main- 
tenance. 
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1. Preliminary Examination.—The preliminary examination is made 
to gather all of the facts which bear upon the subsequent phases of the 
service and may include study casts, radiograms and other data. The 
choice of the appliance is made at this stage, namely, full denture, 
partial denture or crown or bridgework. 

2. Design.—A mental or graphic picture must precede all engineering 
construction. In partial denture design the theoretical principles are 
made use of as needed in the development of design. The main 
item of practical value at this stage is that of a mental and graphic 
technic which follows for the development of any design for any combina- 
tron of teeth in four simple stages! on paper. 

3. Construction.— Having developed mentally or on paper the correct 
design, the next step is that of actual construction. Accuracy, light- 
ness, small bulk as possible, rapidity, ease, and low cost are of primary 
importance. In the opinion of the writer, much research and invention 
are needed here. 

4. Installation.—Many fine pieces of well-designed and constructed 
prosthetic work are failures for the sole reason of lack of care in instal- 
lation. Hence the importance of this step. 

5. Maintenance and Repair.—Many pieces of well-designed, con- 
structed and installed prosthetic work become failures for the sole 
reason of improper maintenance and prompt necessary repairs. The 
patient here divides the responsibility with the dentist. Hence, also, 
the importance of this step. 

A summary of some of the outstanding points in the Practice of 
Partial Denture Service will be found below (Chart 8.) 

Examination, Records, etc.—'The first procedure, following the initial 
appointment, is a careful surface examination of the mouth and all the 
remaining teeth, procuring the history and radiograms of all doubtful 
teeth or roots involved. As is well known among the dental and medi- 
cal profession, this often reveals septic foci at the apices of unsuspected 
teeth. In the event of doubtful success of accepted methods of root- 
canal, peridental, or periapical treatment, as a rule, extraction should 
follow, for it would seem that no precept of modern dentistry should be 
more carefully safeguarded than the protection of the patient’s present 
and future health from dental lesions. Should a tooth or teeth, sus- 
pected of being the cause of systemic infection, or even suspected of 
being septic without symptoms of general infection, for special reasons 
be allowed to remain in the mouth of the patient, they should never be 
used either in the support or retention of the denture, because of the 
obvious necessity of a radical change in design should these become 
lost. Designs should always provide for the possibility of future 
extractions of a doubtful tooth or root, and future inexpensive and 
simple replacement upon the framework of the denture. 


1 It may be noted that it is not always necessary to develop the simple designs on 
paper. 
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PRACTICE OF PARTIAL DENTURE SERVICE (CHOICE AND EXECUTION OF). 


(Preferably in pellsboration with the Physician, Surgeon, Radiographer, Diagnostician, 
Periodontist, Orthodontist, Exodontist, or others if necessary.) 

1. An examination, with radiograms, 
study casts, photographs, and any 
records necessary. 

2. Diagnosis and cure of disease. 

3. Realignment of remaining natural 


MES inary ig General examination (if teeth for the various positions in 
Be akon required, by physician) occlusion. ; 
2. Dental examination 4. A study of the type of mentality of 
the patient. 

5. The choice of the appliance, full or 
partial dentures, crown or bridge- 
work, or any, all, or none of these. 

1. Skeleton. 

1. Saddles (allocation of load | 2. Non-skeleton. 
to mucosa) 3. Continuous. 
4, Covering entire upper vault. 
1. Upper between the ruge. 
2. Parts connecting saddles { 2. Upper between the molars. 
3. Lower at line of peripheral seal. 
Be Design 1. Class 1, D and I.R. X (2D... 
: 3. Direct and indirect reten- } 2. Class 2, D. and I.R. + (2D.). 
tion and connectors 3. Class 3, D.R. ACA OP 
4. Class 4, D.R. A (8+D.). 
1. Recessed. 
4. Occlusal rests (allocation } 2. Surface, including partial, full and 
of load to teeth and their multiple-occlusal rests and pads 
pericementum) and rests for occlusal cone. 


1. Direct retainers and occlusal rests completed, checked for inter- 
ference, and in mouth. 

1. For rod supported dentures (Roach 
or Rudd methods). 

2. For mucosa supported dentures 
(primo-secondary method). 

3. For combination supported dentures 
(primo-secondary method). 

1. Stone for casting-assembly method, 
or for vulcanite. 

. Cast 2. Investment material for all-cast 

method. 

. Construction of the base /{ 1. For metal. 

2. For vulcanite or its equivalent. 

. Inspection in mouth (spot- { 1. Vulcanite with temporary wax base. 

grinding if necessary) | 2. Metal, as finished. 

. Anterior teeth—applied esthetics. 

. Posterior teeth—articulation and occlusion. 

Inspection in mouth, teeth in wax mount. 

Finishing. 

. Before piece snaps ‘‘home.’’ Carbon paper and spot- 
PINGING Pe Ss RAE ie he Ode et Pre Dee ees, 

. After piece snaps ‘‘home”’ (final and minute alloca- 


2. Impression 


3. Construction 


rOOND o BP ww 


As necessary. 


Z 
tion of load) . . Carbon paper and spot-grinding. 
4. Insertion or 3. Teach patient and have patient practise insertion and removal 
installation before leaving. 
4. Subsequent adjustment and rebasing at subsequent sittings, until 
load is properly distributed. 
1. General oral health—diet, exercise; elimination; immunity, etc. 
2. Saliva flush and cleansing. 
5. Maintenance | 3. Removal night, if this is desirable. 
(the patient | 4. Notification. 
here takes 5. Repairs (prompt): (a) fractures and simple replacements. 
part) (6) additions for teeth lost. 


(c) other repairs. 
6. Literature for patients covering above. 


1 D here means “‘direct retainers.”’ 


Cuart 8.—Diagram of the stages in the practice of partial denture service. 
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Study Casts and Sketches.—These are as necessary in the design of a 
partial denture (outside of the extremely simple forms) to the dentist 
as the blueprints of the architect or the machine builder. In partial 
denture restoration, in most instances, and especially in cases in which 
it is necessary to “‘open the bite,’’ or to produce permanently a greater 
separation of the teeth, a careful scrutiny of the mouth fails to reveal 
proper proportions and relations, while from study casts made from 
modeling compound impressions, all proportions as well as lingual 

ae relations are more clearly visible. 
As an aid to the use of the study 
cast, and as a preventive for the 
needless marking of the study 
model with pen or pencil, the 
writer has great satisfaction in 
the use of rubber stamps (Fig. 
326). With these, tentative 
sketches may be readily made and 
used with or without a study cast, 
as the complexity of the problem 
may indicate. 
First Steps in Evolving the 
Design.—As previously pointed 
out, immediately following the 
examination, note is made of 
the teeth which are to remain and 
those which are to be or have been 
extracted. In evolving the de- 

Fig. 326.—Imprint of rubber stamps sachs for partial dentures, the most 

used by the writer. Drawings of teeth Sultable manner in noting these 


taken from Prothero’s ee condemned teeth upon the pad 
ue, From these cuts a zine etching 82 pon which the set of teeth, has 
from which any number of printed pads or been previously imprinted, is to 
rubber stamps may be made. Third molars enclose them in a line which re- 
Siete se in, If necessary, for indi- 1 esents the outline of the saddle 
_ which will carry the future replace- 
ments. In addition to this, fillings or inlays which may, or may not, 
be used in the restoration, may be outlined and crowns or bridges also - 
indicated. Thus the mind is greatly aided in evolving the design, of 
which the next step is to sketch in the constructional parts which are 
to join these saddles with the framework of the restoration itself. 
Colors are very useful, not only for making a more vivid picture for 
the partial denture designer, but also for specifications, the colors sug- 
gested being black for the outline, red for vulcanite or its equivalent, 
and orange for gold. A sketch of the proposed appliance shown to 
an inquiring patient in colors creates a more favorable attitude toward 
the proposed treatment than one in black and white, or no sketch at 
all. Both ordinary cedar and also pencils of the ‘‘Eversharp” type 
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may be had with both the pencil bodies and the leads in these colors. 
For permanent records, such as would be made upon such a card as 
shown in Figs. 330 or 331, the following inks are recommended, 
used conveniently with three pens, having bodies of the corresponding 
colors: Higgins’ India ink (black) and Higgins’ Orange and Crimson 
ink. 

Designs for Cases Requiring Anterior Extraction with Minimum Delay 
in Restoration.—The examination of radiograms and history of the 
individual teeth having been made and the decision involving the 
extraction or retention of the individual teeth crystallized from these, 


Fig. 327.—Steps in evolving a design. A, first step in evolving a simple design, as 
. already referred to, sketching saddle outlines around teeth either removed or to be 
removed; B, second step, joining these saddles by constructional parts (there are no 
operative details in this case); C, third and fourth steps, direct and indirect retainers 
sketched, and occlusal rests completing this design (see Indirect Retention); D, saddle 
outline sketched around teeth in another restoration, third molars also sketched in, 
_ these teeth being present in the mouth; FE, additional details also sketched in (inlay and . 
bridge); F, direct and indirect retainers with occlusal rest sketched in (stud in bridge 
and three-arm clasp with occlusal rest recessed in inlay in cuspid). 


the extraction of those teeth which are condemned, and which lie 
posterior to the cuspids, then follows. Any anterior teeth which 
require extraction may be removed subsequent to the completion 
of the framework which carries them, which renders it unnecessary 
for the patient to be conspicuous through the extraction for a period 
longer than a half day. The manner in which modern partial denture 
construction lends itself to this procedure may be seen in Fig. 328. 
Saddle Design. Allocation of Load to Mucosa.—In the design of 
saddles, the mucosa is given its share of the load. The softer the 
mucosa, the larger should be the saddle. A slightly intermittent pres- 
sure is more favorable, and a steady pressure in excess compresses the 
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circulation, causes a so-called “strangulation” with resorption similar 
to too great peripheral valve seal on full dentures. 

In outline the saddles should be kept away from the gingival margin. 
With regard to saddle area, Dr. Chayes’ statement that “saddle area 
must equal combined pericemental areas of teeth missing and supplied” 
probably approaches the closest so far to the solution. 


Fic. 328.—An instance in which anterior extraction is delayed until the framework 
carrying the anterior teeth is finished, allowing almost immediate replacement of these 
teeth. The above represents a restoration made by the Canadian Army Dental Corps. 
A, diagram of case; teeth enclosed in lines to be extracted; B, diagram of mouth after 
first extraction, anteriors yet untouched; C, diagram of restoration as completed imme- 
diately prior to second extraction. Two-arm clasps on second bicuspids, flattened clasp 
metal bar fitted and carried forward bearing loops of clasp metal of 18-gauge fitted in 
the embrasures; saddles, at this time, of wax only; inlays in cuspids prepared, made and 
fitted in situ, with slots for the 14-gauge occlusal rests; the four anterior teeth are now 
extracted; D, skeleton work with inlays fitted but not cemented in place, ready for second 
impression; sprues left on inlays to facilitate withdrawal in plaster; impression in plaster 
now made, removing inlays and skeleton; upon the subsequent cast occlusal rests are 
made to fit cuspid inlays, joined with solder to the framework; wax trial plate now 
built out over the anterior teeth and molars, the bite taken and antagonizing cast already 
made (fusible metal from plaster impression); teeth now added by vulcanization; Z, 
restoration in position one-half day after second extraction; F, restoration outside of 
the mouth; following natural resorption, plaster may be added to the mucosa side of these 
saddles and mucosa contact restored as needed. 


Below follow steps in saddle design: 

Upper and Lower.—1. Buccal periphery, posterior, to be carried to 
peripheral valve seal. 

2. Buccal and labial periphery, anterior, as above, unless no artificial 
gum is desired. 

3. One to two millimeters space about teeth to avoid capillarity. 

4. Lingual periphery as determined by area of mucosa support 
desired in the next step. 


1 Items of Interest, November, 1915. 
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Parts Connecting Saddles.—These, when required, are almost always 
located to the lingual of the teeth, occasionally buccal and labial, and 
may be developed as below. 

Upper and Lower.—1. If alternate space and tooth or similar, use 
continuous construction (Plate I, Square 14). 

2. If alternate space and group of teeth or similar, use skeleton 
construction. 

Upper.—3. If parts required to cross anterior, flat or semiround, 
cast or wrought, these are placed in a suitable depression between 
ruge. If this is not possible, flat wide piece. 

4. If parts required to cross posterior, between first and second 
molar, cast or wrought, flat or semiround, and if mucosa or combina- 
tion support, compensated for differences between hard and soft areas. 

5. Choice between parts crossing the anterior, posterior, or both; 
this depending on strength of appliance required, range, available 
space, occupation and choice of patient, and other factors. 

If Soft Mucosa, U'pper.—6. All saddles should be extended to cover 
mucosa over entire vault. 

Lower.—7. All parts connecting lower saddles (lingual bar) low as 
muscle attachment will permit, and 1 or 2 mm. lingual from soft 
tissues (unless the denture is entirely root-supported). : 

All-vulcanite construction (including the newer phenol-base mate- 
rials) is desirable only, as a rule, when costs must be reduced to an 
extreme minimum; or in unusually large restorations such as following 
maxillary resection, accidents or surgery involving large losses of teeth, 
or under similar conditions. 

Position and Choice, Retaining Devices (at which Step the Case Becomes 
Classified).—Should clasps be chosen, those of smallest dimensions 
consistent with efficiency to reduce capillarity are preferred, if possible 
two only in number (Classes 1, 2, 3). Cast-clasps should not be used in 
locations causing torques. A suggested detail for the positioning and 
choice of retainers follows: 

1. With small straight-edge at hand, choose paired (Classes 1, 2, 3) 
or triplet (Class 4) in the following steps: 

(a) Lay straight-edge across opposite pairs of natural teeth adjacent 
to edentulous spaces, so as to allow the straight-edge to pass across 
the center of area of figures outlined in steps 1 and 2 (usually omitting 
central and lateral incisors and third molars). Classes 1 and 2. 

Ths being inexpedient: 

(b) Lay straight-edge across opposite pairs of natural teeth adjacent 
to edentulous spaces, so as to allow the straight-edge to pass across 
the center of area of the entire arch (Classes 1 and 2). Add indirect 
retainers if desired usually omitting the use of central and lateral 
incisors upper and lower. This brings the fulerum line approximately 
in the center of area of the piece, producing balance. 

(c) Lay straight-edge on pairs of teeth in line on one side of figure 
developed in steps 1 and 2, which may afford retention, with or without 
auxiliary adhesion (Class 3). 
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This being inexpedient: 

(d) Lay straight-edge on three teeth (or, if necessary, four teeth) in 
a triangular or quadrilateral relationship. (Class 4.) 

2. Select from (1) the most favorable paired group, or if not possible, 
(2) the triplet or quadruplicate group of teeth most suitable for clasps. 

(a) Teeth with decided opposing convexities (mesio-distal, bucco- 
lingual, or line-angle). 

(b) Teeth of good pericemental and enamel condition. 

(c) Teeth with freedom from caries, erosion, abrasion, large fillings, 
inlays, etc. 

(d) Teeth remote as possible from the anterior mouth. 

(e) Teeth with other indications for clasps not mentioned above. 

3. This being in whole or in part impossible, choose (as above) 
compound retainers, especially in teeth, either requiring, or with 
readily replaceable large inlays, crowns or similar restorations. 

(a) Non-precision, if saddle supported at one end only. 

(b) Precision if grade of work admits. 

4. In Classes 1 and 2 add indirect retainers, if necessary (contact 
or carrying stress of mastication) upon suitable teeth, omitting upper 
and lower central and lateral incisors; these indirect retainers to be 
directly opposite unretained portions of saddles. 

Connectors.— Connectors may be chosen and placed. Tes may be 
of the rigid 14-gauge type placed in the embrasure except in cases in 
which disproportion exists between the movements of the saddle and 
anchor tooth, or for similar reasons (see p. 376). In such cases non- 
rigid connectors may be used. 


Factor CHART. 


For the purpose of assisting in the determination of support (steps Nos. 1, 2 and 4) in 

design, Chart 3. 

1. Some factors indicating mucosa support: 

Larger saddle areas with stress of mastication carried primarily by saddles and 
subjacent mucosa, and without occlusal rests, are indicated in propor- 
tion to: 

(a) Larger distances on each side of remaining teeth. 
(6) Smaller amount of pericementum supporting these teeth. 
(c) Less favorable condition of pericementum of teeth available, or not available 
for support. 
(d) Less firm condition of the mucosa. 
(e) Pressure from the antagonizing teeth above the average. 
2. Some factors indicating root support: ‘ 
Smaller saddles with stress of mastication eatridd primarily by the teeth and their 
pericementum; and with occlusal rests, are indicated in proportion to: 
(a) Smaller distance between the remaining teeth. 
(b) Large amount of pericementum supporting these teeth. 
(c) More favorable condition of pericementum of teeth available for support. 
(d) More firm condition of the mucosa. 
(e) Pressure from antagonizing teeth below the average. 
3. Some factors indicating combination support: 

With stress of mastication divided between roots and mucosa, with saddles of 

medium area and with occlusal rests. 
(a) Practically the remainder. 


Cuart 9.—Factor sheet. From the above, in proportion to the factors present in 
the proposed restoration, is the type of support developed: (a) root; (b) mucosa; (c) 
combination support of both root and mucosa. 
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Position and Choice of Occlusal Rests. — (Allocation of load to the teeth 
and their supporting structures. Load must be applied to teeth in a 
direction coincident with their long axes only.) 

At this stage the occlusal rests (if their use is thought desirable) 
may be drawn in, which allocates the load to the teeth. This is also 
an unexplored field, and in the judgment of the writer is best taught 
by factors indicating root support, governed by the general principles. 
that saddles resting on soft mucosa tend to throw bulk of the stress 
on the teeth, and also that teeth of diminished or diseased pericemen- 
tum should be given this duty. Some writers on this subject condemn 
this principle, thus eliminating the allocation of the load for the tissues 
designed by Nature for the purpose—the teeth and their supporting 
structures—in which the writer is unable to wholly concur. 

In many cases the sequele following non-occlusion may be prevented 
with large occlusal rests in cases immune to caries. Capillarity in 
these may be minimized by keeping the gold out of contact with the 
deep sulci. Reference to this is made in Figs. 313 and 314. 

A sequence for the development of these follows: 

1. Determine support of piece; see Factor Chart, Chart 9. 

2. Sketching in occlusal rests. 

(a) If mucosa support, no occlusal rest. 

(b) If root support entirely (removable bridges), occlusal rests, 
with or without saddles. 

(c) If mucosa and root support with ample space for occlusal rest, 
quarter, half, full, or multiple occlusal pads as required to close 
space. 

(d) If both mucosa and root support with small space for occlusal 
rest, buccal or lingual entry surface occlusal rest; mesio-distal, bucco- 
lingual, or linguo-incisal, rigid loops; recessed occlusal rests. Remove 
small amount of enamel from marginal ridges of upper and lower 
teeth involved, if absolutely unavoidable, and without approaching 
the dentin. 

Construction.— Maintenance of accuracy is the chief difficulty in 
construction and much research in stresses and strains in bent and cast 
metal to avoid distortion is necessary. A shrunken casting or dis- 
torted framework exerts a permanent stress on anchor teeth which 
must result in ruin. Interference in articulation may be checked by 
intelligent use of adjustable articulators. Escapes provided on occlu- 
sal surface tend to reduce the overload. In Chart 8, a series of items 
in construction may be noted, details of which would necessitate an 
essay of considerable length. It is therefore possible only to touch 
briefly upon certain outstanding phases of construction, because, in 
the five stages in partial denture service, construction has heretofore 
been foremost in the literature or at professional conferences. 

Impressions and Trays. —Inasmuch as this title forms the subject for a 
chapter in this text, the writer will not make reference thereto except to 
refer to the necessity of having any clasps and inlays (with uncut 
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PATIENT REFERENCE APPROXIMATE 


Cost 
Hovusrt ADDRESS ' TELEPHONE} A/C To 
Business ADDRESS TELEPHONE| DETAILS OF PAYMENT NOTES 


OTHER OPERATORS 
Doctors,— 


Fie. 329.—(a) Face side of card (prosthesis only). Card recommended in practice 
confined to prosthetics. Size 4 x 6 inches. 
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Fig. 330.—(b) Reverse side of card (prosthesis only). 
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sprue wires) crowns, etc., 7 situ, in the mouth and uncemented for 
withdrawal. | | 

For some time past it has been felt that there has been room for 
improvement in methods of partial denture impressions under the 
following principal heads: , 


ROYAL COLLEGE or DENTAL SURGEONS 
—_—____. 


DESIGN, SPECIFICATION, AND CONSTRUCTION CHART For further details see over 


a aspe,diam Fob. 22 i923 
From. Offce of crcviis, ss itislecns drs ooh teen, Patient's Noe Wanted Bite ix Am Feb. 261923 
Telephone....csccsecsceciestsssseee Bes. 
ealubotot seston —_ 240 _COLLEGE STREET TORONTO. 
PLAN AND ELEVATION OF WORK DESIRED a From Science Chart STANDARD PARTS. Details to be filled in, 
issued by RC DS. as type, materials, etc 


Wanted M 192 
Wane intsh 2.30m yep. 281993 
(Per Pinal Insertion) 


2 4 Make Trubyte 
Dark Blastie(s Kinds Platy 


o5 mm. over 
Frappe. 


(Surface, Recessed). 
Occlusal rests to Base) 
Rigid, l4- Surface as 
gauge. shown. 
Round, — 
folerum Eine- 


, From Practice Charts CONSTRUCTION DATA, “Details to be 
a issued by RC DS. filled in. 

2. Model. 3. Assembly. 4. Taking Bite. 
Vrought clasp Stone cast Cast:- bar Send with 
from enolosed slaeps in indirect re- wee bite on 


impressions. | piace. Merry feamnecrke 


nection 
‘loops for 
vuloanite, 


§. Antarior Teeth. 8. Posterior Teath_ Carving and Finishing] 8. Other Data, 
Set to data p Carve over 
articulator ° molars. Ho 


Upper post ert pink gum ove 
bet Lingual fto anteriores, biouspids, 


Fig. 331.—Specification chart, with details supplied by Dr. G. W.Graecen. Should 
the dentist collaborate with a laboratory associate who lives at a distance, a specification 
chart is valuable. The size of this chart is letter size, 834 x 11 inches. 


For Impressions for All Partial Dentures : 
(a) Greater certainty that all parts are covered by the impression. 
(b) Greater ease and certainty of manipulation (resulting auto- 
matically in higher standards of partial denture impres- 
sions). 
(c) Accurate reproduction of complex undercuts (essential in sur- 
veying for clasp design, p. 325). 
(d) Greater comfort to the patient, with less bulk of material and 
shorter intervals during which the material is in the mouth. 
And Also for Impressions for Mucosa or Combination Supported Partial 
Dentures: 
(e) Greatest available base area covered, and taken under hight 
biting stress, or other stress as desired. 
(f) Possibility of muscle-trimming and post-damming as in full 
denture service. 
In a progress report of some studies which has appeared in the 
literature’ dealing with impressions for mucosa and combination sup- 


1 Dental Cosmos, September, 1926, December, 1927 and January and March, 1928, 
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ported partial dentures alone, a primo-secondary method is proposed, 

. which is planned to approach full denture impression methods as 

nearly as possible. Here follows an outline of the procedure.! 

A Proposep IMPRESSION (PRIMO-SECONDARY) TECHNIC FoR Mucosa 

AND FOR TOOTH-MUCOSA SUPPORTED PARTIAL DENTURES. 

Srep 1. The Dentist will select stock tray, take an approximate impres- 
sion, have study cast made and complete the design of the den- 
ture. If mucosa or tooth-mucosa support 1s chosen— 

Strep 2. The Assistant will 

(a) Outline a tray on study cast as for a full denture, with a pencil, 
but with the undercuts (dental or alveolar) exposed. 

(b) Make wax pattern and mold it in calcar; then cast the tray 
in commercial tin (442° F.). 

Step 3. The Dentist and the Assistant will 

(a) Make a thin primary impression (also exposing all undercuts) 
with the tin tray, using stick compound. 

(b) While the primary impression is held in the mouth under a 
light biting stress, make the secondary impression of the 
undercuts in the exposed teeth and alveolar borders in 
plaster (using small trays or a plaster syringe with or with- 
out vanes) or modeling compound sections, keeping up the 
stress until the secondary impressions are hard; then, 
releasing this pressure. 

(c) Remove the secondary 1 impression by either lifting out vane - 
or cutting the plaster; or, if in compound, by removing the 
sections. 

Step 4. The Assistant will re-assemble and box the impression and 
make the casts, using an all-plaster or stone construction, or 
amalgam or low-fusing metal for the teeth, as desired by the 
dentist. Should an all-metal cast be desired, the primary 
impression in Step 3 will be of plaster. 

Norr.—For the reason of unusual size in mouths with or without 
teeth, or for any other reason, the wax pattern for the tray in Steps 2 
‘and 3 may be made directly in the mouth without:a study cast, from 
which the tray is then made. 

Fig. 332 will indicate that the primo-secondary method consists in 
(a) taking a primary impression of the mouth, preferably in modeling 
compound, with all the undercuts (dental or alveolar) uncovered ‘by 
this impression. Having finished this primary impression, it is then 
returned to the mouth, and while there, (b) the secondary impression, 
or impressions, of the undercuts not included in the primary impression 
are then taken, preferably in plaster. 

A special cast tray, made by the assistant, using commercial tin 
cast in molding sand, Is recommended. The steps are outlined in 
Fig. 333. 


1 Oral Health, December, 1927. 
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A study of this report may suggest to the reader that, while such a 
plan for impression-taking may consume more time, yet, as has been 
learned from the change from full denture impression technic from a 
single incorrect impression, taking only a few moments, to the present- 
day corrected and tested impression, taking the best part of an hour, 
that perhaps the solution of the present partial denture impression _ 
problem, and indeed the accompanying problem of avoiding the fre- 
quent rebasing at present necessary, may lie in this direction. 
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DRAWN IN SECTION 

Fig. 332.—The primary-secondary method for cases for which mucosa support is planned 
in the partial denture, with the various stages shown in right elevation. 

1. Study cast in plaster from an approximate modeling compound impression. 

2. Cover the outline of the proposed tray with one or more thicknesses of base-plate wax 
to allow room in the tray for a proper amount of impression material. This base-plate wax 
is hereafter referred to as a lift. 

3. Over this lift the wax pattern for the special tray is formed, without stretching. 

4. A tin tray with a handle is cast in molding sand (calear), with perforations for the 
remaining teeth. This casting can be done by an assistant in about ten minutes. 

5. A modeling compound primary impression is taken, muscle-trimmed and post-dammed 
as required, and flared around the perforations. 

6. The primary impression is finished and held in place by adhesion while the secondary 
impression in: plaster is taken. Should a metal tooth or teeth be desired, it may be made 
here, as in 6A. 

7. The primary and secondary impressions are removed from the mouth and assembled, 
ready to pour. 

8. Finished cast, stone, with (as shown) or without a metal tooth. 


Cast and Atagonizing Cast.—The various “stones” now on the market 
as substitutes for plaster are advantageous in that they make a cast 
harder than plaster. The materials should be handled according to 
instructions and worked carefully into the recesses in the impression 
made by the teeth. An eccentric stone on the lathe, operating on an 
impression boxed with “air-chamber metal,’ greatly assists in the 
packing process. For antagonizing casts in which correctly made full 
dentures, or dentures and natural teeth, or natural teeth alone are 
represented, nothing is better than a plaster impression half way down 
the necks of the teeth, into which may be poured fusible metal almost 
before the plaster is set, in accordance with the method shown to the 
writer by Dr. R. Gordon McLean, of Toronto. In articulating, the 
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interfering points of porcelain blacken from the fusible metal acting 
in the same manner as carbon paper—a great convenience (Figs. 334 
to 339). 
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Fic. 333.— Molding and casting the special tray. The Bailey molding flask is used, of which 
the part with the curved profile will be called the upper half and that with the straight profile 
the lower half, as indicated in Square 6 above. Calcar, a molding compound suggested by Dr. 
Gritman for dental purposes, is proposed as an admirable molding sand in this work. 

1. Sifting the sand with a 10-mesh sieve into the lower half of the flask. ; 

2. The study cast with the wax lift and pattern, all dry and well dusted with French chalk, 
are pressed into the lower half of the flask with sufficient force for the sand to adhere firmly, 
and also, as far as possible, so that the edge of the pattern is equidistant from the edge of the flask. 
With the finger, or with the end of the brush handle the sand is well packed around the edge of 
the cast, and the cast, lift and pattern are removed. The picture shows the cast and the lift 
removed, but the pattern yet to be removed. Note the increased density of the sand. 

3. The pattern is now removed and additional sand is sifted in. 

4. The process in square 2 is repeated until— 

5. The edges of the wax pattern are approximately level with the lower half of the flask, at 
which time the sand is finally compressed, leveled and smoothed with the thumb and finger, 
and the whole is well dusted with French chalk, the separating or “‘parting’’ medium. 

6. The upper half of the flask is then fitted on; sand is sifted and packed in, and the top is 
leveled with the scraper.- 

7. The flask is then inverted and the lower half is lifted off the upper (because the sand is 
less liable to fall out of the lower than out of the upper, when inverted). Remove the wax 
pattern with a 3-inch cork borer; a sprue is made in the sand in the upper half of the flask, which 
in its upper part is given a funnel shape for the reception of the metal by rotating the heart end 
of the ‘‘Heart and Spoon” molder’s tool in it from below. 

8. With the handle former, a depression is made on the lingual side of the mold at the position 
in poe mold at which the handle is desired. For a narrow handle the }-inch cork borer may be 
used. 

9. To reassemble the halves of the flask, after the pattern is removed, the sprue and handle 
molds made, and any adjustment required in the sand completed, the lower half of the flask is 
fitted to the upper half. 

10. A ring-shaped weight, of about 3 pounds, with flat ends (an ordinary shaft collar is sug- 
gested), is laid on to prevent the halves of the flask from separating during casting. The picture 
shows the mold immediately after casting. 

11. Upper part of the drawing, casting after sand is dusted off. Lower part of the drawing, 
sprue cut off and handle bent, ready for the next step. 
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Treatment of Hard Areas.—In the median line of most upper jaws is 
found the only portion of the mouth which it is said never changes, 
and which is usually harder than any other portion of the mouth. In 
constructing bases, resting wholly or partially on the mucosa which 


Fig. 334.—Impression half way down the crowns of the teeth taken in plaster. 


covers part of the so-called hard area, cognizance should be taken of the 
fact that the central area is practically unchangeable, while the remain- 
der will always be to a small degree subject to change. This may be 
done in the case of a saddle covering all or a considerable portion of the 


Fig. 335.—Impression removed from the mouth and trimmed. 


vault, by plotting out on the cast, from a careful examination of the 
vault (Fig. 340), the outline of the central hard area and, subsequently, 
in the process of adapting the elliptical bar across the vault, allowing 
it to stand away from the cast as the judgment of the operator may 
dictate. This is not necessary for root-supported partial dentures. 
The Metal Framework.— Combined metal and vulcanite are specially 
desirable when.rebasing is necessary (particularly after recent extrac- 
tions). One-piece castings (if accurate and otherwise satisfactory) 
seem particularly suitable for tooth-supported cases, in which the 
25 
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Fig. 337. 
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Fras. 336 and 337.—Stages in boxing. 


Fig. 338.—Low-fusing metal poured, small Fie. 339.—Antagonizing cast completed. . 
wood-screws inserted. 


Figs. 334 to 339.—A method of making antagonizing casts of metal. 
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comparative lack of mobility does not call for a particular degree of 
resiliency in those parts, notably the clasps, which come in contact with 
the remaining teeth; while in tooth-supported and tooth-mucosa-sup- 
ported cases in which an added resiliency is necessary for these members 
in order to avoid trauma, a casting of all save the clasps, flexible con- 
nectors, or similar members requiring resiliency is made (which will 
permit movement without trauma and which are preferably made from 
rolled or drawn material, swaged or bent to freehand form) to which 
the casting is subsequently united by solder. The framework should 
be periodically inspected for accuracy, adequate retention, unhampered 
movement (and consequent absence of trauma to the remaining teeth) 
until its completipn in the mouth, or, if the restoration approaches a 
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Fig. 340.—Examination of mouth for hard and soft areas: A round-headed instru- 
ment, such as the Ladmore Plastic Filling Instrument No. 7, as illustrated, is held lightly 
in the hand and drawn across the vault as indicated by cross lines, one side at a time; 
from ridge to median line. In vault A, no difference of resiliency is encountered; in 
vault B, the instrument climbs up a hard central area outlined in the center; in vault C, 
’ hard area in center and soft area on either side are likewise detected. With a pencil 
the outline is sketched on the cast as taken from the patient. In cases where the differ- 
ence of resiliency is decidedly marked, these areas may be subsequently relieved by thin 
metal on the cast for the hard area and carding wax on the impression for the soft areas, 
or by other means if preferable. On the other hand, bars or the like, crossing hard areas, 
may be formed or bent to accommodate the difference in resiliency. 


full denture in extent, may be replaced in the articulator and ground 
in with carborundum grains in glycerine or similar medium. If heat 
treatment is involved, it should be given according to the directions 
furnished with the metals used. 

Articulation.—As has already been pointed out, under no conditions 
is the observance of established principles relating to the movements 
of the jaw, and the use of an adjustable articulator capable of their 
expression, and harmonious arrangement and formation of the teeth 
of more importance than in the construction of partial dentures. Inter- 
ference of porcelain in side movements of the j jaw in mastication has 
resulted in the failure of the teeth supporting or retaining many an 
otherwise excellent piece of work, because the occlusal trauma is, of 
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Fias. 341 to 343.—Casting and assembling the metal framework. Fig. 341, cast 
metal base, wrought clasps and flexible connectors, not assembled; Fig. 342, the same, 
invested, ready to solder; Fig. 343, casting the clasps and framework in one piece for a 
lower denture with vulcanite saddle. (Ney Technician.) 
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course, reflected against them; as has non-interference of porcelain or 
gold accounted for the non-efficiency (if comfort) of other fearfully 
shapeless pieces of restoration. 

In the writer’s opinion, an incisor guide with a range of movement 
in three dimensions, such as that of Sears, is desirable in all cases and 
quite necessary in many partial denture cases. The presence of remain- 
ing natural teeth, essential for the success of the partial denture, often 
deformed and out of normal position, complicates the placing of the 
artificial teeth for balanced occlusion—a difficulty not encountered in 
full denture work, which also, as in full denture work, may be facilitated 
by the use of the Hanau quint, which expresses the laws of articulation 
involved in convenient form for practical use. The metal framework 
serves as an admirable base upon which to erect biting blocks. 
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Fie. 344.—Arrangement and alteration of teeth. Anterior teeth: Should there be 
remaining anterior teeth adjacent to the artificial ones, the latter should correspond 
both in color and form to the former. Alteration to stock anterior molds is often necessary 
to imitate recessed gums, wear or other peculiarities. Steps in altering an anterior 
tooth to show a root are as follows: 

1 and 2. Artificial tooth, correct width, but too long. 

3. First cut, outlining the mesial and distal sides of the root. 

4. Second cut, outlining the mesial and distal sides of the crown. 

5. Third cut, outlining the labial side of the root. 

6. Fourth cut, outlining the labial side of the crown. 

7. Completed tooth. 

8, 9 and 10. Examples. 


Choice and Arrangement of Teeth.—The close proximity to the artifi- 
cial teeth of partial dentures, as well as crowns and bridgework, of the 
natural and living teeth make the problem of color and form the most 
difficult of all. While the teeth offered to the profession today, resem- 
bling as they do the crystallized knowledge of some of the brightest 
minds in the profession, such as Drs. Williams, Gysi, and others, yet 
in partial denture construction, alterations in form and color are fre- 
quently necessary. The imitation of receded gums, with considerable 
length of root showing (Fig. 344) different stages of wear, overlapping, 
erosion, cracks in enamel, characteristic forms varying from ordinary, 
chalky spots and creases in enamel, brown stains from tobacco, etc., 
occurring in corresponding teeth on the opposite side of the arch should 
be reproduced with greatest fidelity. A careful selection, with the 


090 PARTIAL DENTURES 


articulator and models carrying the assembled framework and with 
full details concerning the color and form at hand, is necessary, follow- 
ing that in some cases by the use of stones, disks, porcelain polishing 
materials, and porcelain stains. 

Insertion or Installation.—Too much stress cannot be laid on the 
necessity for proper adjustment at this stage, both before, immediately 
after, and for a time subsequently, and during the initial stages of the 
practical use of the appliance. Minor distortions, due to soldering, 
casting, or from any cause, may here be corrected, and at this stage 
the final and accurate distribution of stresses on the teeth and mucosa, 
or both, is provided for, and to a large extent the life history of the 
remaining teeth is determined. The operation may be performed by 
the use of thin wax, carbon paper, and spot-grinding. 

The service is not complete until all settling has been provided for 
by rebasing, and all other adjustments are made, and the dentures 
function effectively without trauma. 

Mazntenance and repair are occasionally necessary in a standardized 
manufactured product which (as, for example, a watch) has built into 
it the findings of centuries of study and progress in that particular 
branch of technology. 

It is therefore reasonable that patients wearing partial dentures in 
each case specially designed and constructed, and functioning with 
living parts, should be subject to an occasional oral examination, more 
especially those wearing partial dentures of unusual design. 

Periodic Examination.—A mouth fitted with artificial appliances 
stands considerable more in need of periodic examination than one 
without. For example, the breaking of an occlusal rest or the resorp- 
tion of the ridge may change the whole relationship. A very simple 
card-index system of notification may be installed, by which the 
patient receives notice at intervals determined by the dentist. In all 
cases patients wearing these appliances should at least be given an 
opportunity for the use of such service. 

Instruction to Patient.— All partial dentures, except those which are 
essential in special cases for preventing the approach of the ridges with 
less than the normal separation, should be removed at night. All 
partial dentures are cleansed and the remaining natural teeth cleansed 
at night, in the morning, and after each meal. 

Conclusion.—The writer submits that, in view of the present situa- 
tion in dentistry, the partial denture field is of highest promise for 
service to humanity, and commends it with every confidence to his 
fellow students and practitioners of the dental profession as an oppor- 
tunity for that unselfish effort toward development which has always 
been characteristic of the men of dentistry. 
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VULCANIZED RUBBER AS A BASE FOR ARTIFICIAL 
3 DENTURES. 


By GEORGE H. WILSON, D.D.S. 
REVISED BY 


I. LESTER FURNAS, D.D.S. 
Vulcanite.—A compound of Caoutchouc and Sulphur. 


CAOUTCHOUC. 


History.—Caoutchouc is a native Indian name. India-rubber is a 
name given the material because its early use in Europe was to remove 
black lead pencil marks from paper. Dr. Priestley, the distinguished 
discoverer of oxygen, mentions this use in a publication of 1770. 
Caoutchouc must have been known in America at a very early period, 
because balls made from the gum of a tree, lighter and bounding better 
than the wind-balls of Castile, are mentioned by Herrera when speaking 
of the amusements of the natives of Haiti, in his account of the second 
voyage of Columbus. In a book published in Madrid, 1615, Juan de 
Torquemada mentions a tree which yields it in Mexico, describes the 
mode of collecting the gum, and states that it was made into shoes. 
More exact information was furnished by a French Academician, who 
visited South America in 1735. While the Indians used it more than 
three hundred years ago for water bottles and gum shoes, it was only 
used in the United States and Europe for erasing pencil marks, until 
about 1820, when it was applied to water-proofing cloth. As caout- 
chouc became hard and brittle in cold weather and sticky in hot 
weather, many experiments were made to overcome this objectionable 
quality which resulted in the discovery of vulcanite in January, 1839. 

Physical Properties.—Caoutchouc is the dried milky juice (called 
latex) of various trees and plants. A similar gum capable of vulcaniza- 
tion can be obtained from the common milk-weed and other plants of 
temperate climates, but it is only commercially profitable from certain 
trees in the tropics. The Brazilian, or Para (a shipping-port on the 
Amazon river) caoutchouc is the product of several species of Siphonia 
(nat. ord. Euphorbiacez), chiefly Siphonia elastica. Bates says that 
this tree is not remarkable in appearance; in bark and foliage it is not 
unlike the European Ash, but the trunk, like that of all forest trees, 
shoots up to an immense height before throwing off branches. The 
India-rubber produced in New Granada, Ecuador and Central America 
is obtained from Castilloa elastica; that of East India from the beautiful 
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glossy-leaved Ficus elastica, now a common ornamental plant in con- 
servatories; that of Borneo from Urceola elastica; and that of West 
Africa from several species of Landolphia and also Ficus. 

After the trees are tapped, the juice (latex) is first received in clay 
basins, and then is solidified in various ways—as by spreading it out in 
thin layers and evaporating in the sun or by the aid of artificial heat; 
or the emulsion is coagulated by the leaves of a kind of vine—a method 
used in Central America which gives, however, a product inferior to 
that obtained by evaporation. Of recent years much caoutchoue 
gum is produced from cultivated trees, and is known as “Plantation 
_ Rubber.” The cultivated gum is separated from the latex by acid 
(acetic, citric). 

The organization and growth of the ‘Plantation Rubber Industry” 
is a most fascinating study. Students interested in the details of this 
bit of rubber history can spend several pleasant evenings with “The 
Reign of Rubber’ by William C. Geer, A.B., P.D. (1922). 

The growth of this industry, stimulated by increased commercial 
demands, is nothing short of amazing. The first statistics were 
obtained in 1900, when 53,890 tons of native or wild rubber were 
produced as compared to 4 tons of plantation rubber, while in 1920 
we find the plantations put into the market 309,100 tons and native rub- 
ber had fallen to 38,915 tons. At this period (1920) we find over 
3,921,000 acres under rubber cultivation. } 

The evaporated product is known as “biscuit.”’ The fresh juice has 
the consistency of cream, is yellow, miscible with water, but not with 
naphtha or other solvents of ordinary rubber; its specific gravity is 
1.02—1.41; the yield of the gum is about 30 per cent. Pure caoutchoue 
is devoid of odor and is nearly white; it has the specific gravity of 0.915. 
The finest quality of caoutchouc is that from Brazil (Para) which has 
the least impurities; the other South and Central American kinds are 
of medium quality; East India rubber ranks next, while the African 
rubber is quite inferior. 

Commercial India-rubber is a dark, tough, fibrous substance, pos- 
sessing elastic properties in the highest degree. At the freezing-point of 
water it hardens and largely loses its elasticity. The gum is insoluble 
in water or alcohol, and is not acted upon by alkalies or acids except 
when the latter are concentrated and heat is applied. It is soluble in 
ether, chloroform, bisulphide of carbon, naphtha, petroleum, benzol, 
and the essential oils, and in many of the fixed oils by the aid of heat. 
Caoutchouc melts at a temperature of 250° F. and does not again 
resume its former elastic state; at 600° F. it volatilizes and undergoes 
decomposition. . 

Purifying.—In the manufacture of India-rubber the first operation is 
the purification of the crude material. The impure rubber is cut into 
minute shreds and is washed by powerful machinery immersed in 
water, which releases the solid impurities. The washed gum is then 
placed on iron trays and dried in a room heated by steam. The material 
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then undergoes a process of kneading under very heavy rollers, which 
causes the adhesion of its various pieces to each other and ultimately 
yields a mass or block of India-rubber so compact that all air-holes, 
other cells and interstices disappear. 

Chemistry of Caoutchouc.— When we consider from a purely chemical 
standpoint the “milk” from any one of the various rubber-producing 
plants, the refined caoutchouc, and the process of vulcanization, we 
find many problems that are yet to be solved by the chemist. 

Latex is a milky fluid consisting of water in which is suspended 
minute globules of rubber. These globules are solid, not liquid. When 
observed under the microscope, they seem to be somewhat irregular 
in shape. Since they are solid, we term latex a suspension of solid 
particles. If these globules were in the nature of a liquid, latex would 
be an emulsion. 

The average chemical composition of latex is about as follows: 
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From latex may be obtained 30 to 35 per cent of commercial raw 
rubber, which contains various numbers of these substances. A 
gallon of latex weighs 8.17 pounds and contains from 2.45 to 2.85 
pounds of raw rubber. 

Chemically pure rubber is a hydrocarbon with a formula of C;Hs. 
There are several other hydrocarbons that show the same constituents 
on analysis. However, the rubber hydrocarbon is distinct. It is 
thought that several of these C;Hs groups are polymerized; hence the 
composition is expressed thus (C;Hs) (3 | 

In studying a picture of the hydrocarbon and the exact relation of 
each element to the other, it is found that this material is classed 
with the terpenes C,,H,s; therefore, the formula for rubber is written 
(CioHis). 

One can perhaps best think of rubber as a body made up of innumer- 
able round globules of rubber in the form of a microscopic mass of 
fine shot, each of which is surrounded by a thin film of protective 
colloid, the protein substance. Thus, raw rubber has a structure. 
It is not like glass, which is homogenous; not like leather, which is a 
mass of fibers; or like wood, which is a mass of short, thick fibers. 


VULCANIZATION. 


Vulcanization, ever since its discovery, has been one of the mystifying 
problems of the chemist. There are numerous theories advanced, 
each of which has its group of followers. One thing is definitely known, 
however, and that is that sulphur in some way actually combines 
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with the rubber molecule. Rubber has a definite affinity for sulphur, 
and once they have become united there is no known method of 
separation which will leave the two substances with the same physical 
properties as before the union. This union is thought by some to be 
chemical, by others to be physical, while still a third group believe it 
to be a combination of the two. 

At one time it was believed that sulphur would not unite with rubber. 
until the temperature had passed the fusing point of the sulphur, but 
this has been definitely disproven. Sulphur will unite with rubber at 
ordinary temperatures; however, in direct ratio as the temperature is 
increased, the time necessary for vulcanization is shortened. Time 
and temperature, therefore, become the two important and necessary 
outside factors giving the proper quality to the rubber composition. 

There is another method of vulcanization known as the “cold” 
process. ‘This is accomplished at ordinary temperatures by immersing 
pure caoutchouc in sulphur chloride (S,Cl,).. The results are essen- 
tially the same as in the “hot” process, but commercially impractical 
except in the manufacture of a few specialized articles, such as dental 
rubber dam, surgeons’ rubber gloves, ete. 

Composition of Vulcanite for Artificial Dentures.—As the formulz 
of the various makes of rubber are “trade secrets’ of the manu- 
facturers, our knowledge is limited to the general specifications of 
patent papers and the writings which detail the experiments of Prof. 
Wildman and others. 

Both the soft pliable and the hard flexible vulcanite are used in the 
construction of dentures. The essential components of vulcanite are 
caoutchouc and sulphur, the ratio varying according to the use for 
which the product is designed. All other ingredients are for coloring 
or to cheapen the product. The soft pliable variety used in dentistry is 
known as velum rubber, because its most important use is for vela for 
cleft palates. It contains sulphur to the extent of about one-fifth of 
the weight of the gum. Hard vulcanite, sometimes called ebonite, 
contains by weight one-half as much sulphur as caoutchouc. 

Some of the formule given by Prof. Wildman are: 
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The standardized formula of the S. S. White Dental Mfg. Co. for 
all rubbers except white and pink is: 

Gum, 50 per cent; sulphur, 16 per cent; dye and filler, 34 per cent. 

If pure caoutchouc is burned, there should be but about 3 per cent | 
of dark ash remaining. Sulphur and vermilion (mercuric sulphide) 
leave no ash, hence the per centum of ash from rubber containing these 
materials should be less than 3 per cent in the ratio of the amount 
of these materials to the caoutchouc. Some rubbers leave as high as 
60 per cent of ash. It would be reasonable to suppose that the 
strength would be reduced in ratio to the amount of the ash, but this is 
not true, as the pure gum and sulphur produce the strongest vulcanite; 
the red and black are nearly the same strength, although the black 
rubber will leave a much larger ash than red, because the coloring 
matter is animal charcoal composed largely of phosphate and carbonate 
of lime, while the mercuric sulphide would be entirely volatilized. The 
oxide of zinc and other earthy matter in the pink and white rubbers 
have a very deleterious effect upon the flexibility and tenacity of the 
vulcanized rubber, so much, in fact, that these light colored vulcanites 
are not one-fourth as strong as the brown, red or black. 

Physical Properties of Vulcanite.—Vulcanite is hard, flexible, and 
horn-like in texture. Dr. George B. Snow gives the specific gravity of 
a specimen of black vulcanite as 1.1974; and that of the same piece 
before vulcanizing as 1.1333. The specific gravity varies, as it is much 
affected by the coloring matter, and is also increased by the tempera- 
ture and time of vulcanization. Caoutchouc expands upon heating. 
Dr. Snow says: “Rubber expands by heat more rapidly than any other » 
solid body. Its rate of expansion at ordinary temperatures, from 70° 
to 90° F., is over six times that of iron, about five times that of brass, 
and nearly four times that of zinc, which is the most susceptible to 
expansion by heat of any of the metals except mercury. Its rate of 
expansion is known to increase as the temperature rises, but it has not 
been definitely determined.”’ In vulcanizing soon after chemical action 
begins (248° F.), expansion ceases and shrinkage commences, the 
_ latter being much affected by the contained foreign matter, by a high 
or low temperature, and by a long or short time of vulcanization. Its 
increased specific gravity is due to this shrinkage. 

The usual solvents of caoutchouc have but little action upon vulcan- 
ite, and no agent which can be tolerated in the mouth has any action 
upon it. It is susceptible of a high polish. It is very opaque, and, 
therefore, does not imitate well the appearance of the mucous mem- 
brane. It is a very poor conductor of thermal and electrical changes, 
in consequence of which it is not conducive to thehealth of the tissues 
upon which it is worn; and when improperly vulcanized, it becomes 
so contaminated with decomposing secretions that it is exceedingly 
offensive. Great care should be used in vulcanizing rubber that is to 
be worn in the mouth, and the patient should be thoroughly instructed 
in cleansing it. 
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New rubber can be added to old vulcanite by reheating; hence vul- 
canite dentures can be easily repaired. It is unnecessary to add a 
solution of rubber to vulcanite to aid in its repair, as the solvent has no 
action upon the vulcanite, only leaving a thin layer of soft rubber to 
penetrate the pores of the vulcanite, a result better accomplished by 
heat and pressure. 

These terse statements of the physical properties of vulcanite may 
profitably be amplified: 

Specific Gravity.—The specific gravity of vulcanite varies with its 
composition and method of vulcanization. The following table is 
sufficiently extensive to elucidate these facts. Pure Para gum has a 
specific gravity of 0.915, and sulphur a specific gravity of 1.95; there- 
fore, velum rubber containing 1 of sulphur and 5 of gum should have 
a specific gravity of 1.06; also, hard vulcanizable rubber containing 
1 of sulphur and 2 of gum should have a specific gravity of 1.26. 
The table, page 397, gives four representative dental rubbers, with the 
coloring matter named in the first column and the specific gravity of 
a specimen of each in the second column. The third column gives the 
specific gravity of each vulcanized under a Lewis gas regulator set at 
320° F., for one hour and twenty minutes. The fourth column gives 
the specific gravity of the rubbers vulcanized at the same time as the 
specimens in the third column, but they were not flasked; they were 
wrapped in tin-foil and submerged in the water. The second column 
shows a great variation in the specific gravity of unvulcanized rubbers 
due to the various coloring materials; the third column shows a still 
greater variation due to the quantity and conductivity of the coloring 
material; also this column shows that the coloring material exerts a 
direct influence upon the denseness of the vulcanite, as shown by the 
increased specific gravity. The pure black vulcanite was increased in 
specific gravity 0.0496, the red vulcanite 0.0853, and the gold dust 
0.0622; therefore, gold dust shows a condensation over the pure black 
equivalent to a specific gravity of 0.0126, and the red over the black of 
0.0357. The fourth column shows remarkably the action of the heat 
and its conduction upon the vulcanizing process. The tin and water 
being far better conductors of heat than the plaster investment, the red 
and gold-dust vulcanite show a further increase of specific gravity, 
while the pure black shows a decrease of specific gravity to the extent of 
0.0008 less than the unvuleanized rubber. This is explained by the 
poor internal conductivity of the pure black rubber and the rapid 
induration of the surface. 

This increasing condensation suggests the question: Does revul- 
canization cause shrinkage? It does. This was demonstrated by revul- 
canizing six times (under the conditions described in the preceding 
paragraph) a piece of red vulcanite 66.3 mm. long. Each time revul- 
canized it was carefully measured and showed an average decrease of 
.25 mm.; or, approximately, 0.5 per cent for each vulcanization, that 
is, a total of 3.2 per cent of its length for the six revulcanizations. 
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Dr. Snow states graphically the relative expansion of vulcanite and 
certain metals. Other authorities give the coefficient of expansion as 
follows: 


Cast iron 0.0000055 
Zinc 0.0000140 
Mercury 0.0000998 
Vulcanite . 0.0000636 


Thus it is seen the authorities (Heil and Esch, and T horpe) for these 
figures make the expansion of vulcanite more than four times as much 
as for zinc, the most expanding of the solid metals. 

Textbooks state that rubber expands until vulcanization begins 
and then shrinkage takes place. This is true. The author devised a 
special vulcanizing apparatus for demonstrating the expansion and 
shrinkage of vulcanization. It consisted of a brass flask open at the top 
and a plunger cover with a hole through which a thermometer is placed 
in contact with the rubber. The flask is placed in an open receptacle 
filled with glycerin nearly to the top of the flask. A 2-pound weight 
is placed upon the plunger cover, also an upright making connection 
with a recording needle which enlarges ten times. Heat is applied 
by an electric heater. Red rubber was placed'in the flask and the 
following record obtained: From room temperature to 200° ie 
3 inch, and from 200° to 250° F.,1 inch. The needle remained station- 
ary for a short time, then dropped back + inch and so remained until 
the end of vulcanization (320° F., one hour), after which it moved 
back about ;’; inch. As both rubber and sulphur melt at approxi- 
mately 250° F. and vulcanization begins at 248° F., it is evident that 
expansion continues until the ingredients are melted and union begins, 
and that the shrinkage and contraction are greater than the expansion, 
as shown by the increased specific gravity in well-vulcanized rubber. 
However, the improvised recording vulcanizer did not record perfectly 
the shrinkage of vulcanization because the indurating rubber had 
greater resistance than the weight applied. The shrinkage took place 
in itself, in the direction of least resistance, thereby forming several 
large spaces. There was no evidence of gas formation associated with 
these spaces as so evident with porous vulcanite when “something has 
gone wrong.” 
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A practical application of these physical properties cannot be made 
until after a study is made of the technic of vulcanization, to which 
attention is now given. 

How to Vulcanize Rubber.—Having learned that rubber expands 
excessively in heating up to the vulcanizing temperature and shrinks 
during vulcanization; also that its induration is the result of a com- 
bination of the caoutchoue and sulphur, and that a small amount 
of hydrogen sulphide may be formed, but that it is in no wise an essen- 
tial factor of vulcanization; and further, that there is a diversity of 
opinion as to how rubber should be vulcanized, the author instituted ° 
the following experiments as a means for establishing a rational method 
for vulcanization: 

A glass marble 31.5 mm. in diameter was ground so as to form two 
parallel flat surfaces 25 mm. apart. This was used as a model and 
flasked in a vulcanite flask. with French’s regular dental plaster. 
Five of these molds were made and excess spaces cut approximately 
zs inch about the mold, but without gateway connections. No. 
1 was filled with bow-spring (old formula) rubber, the flask closed 
and held firmly together in a Donham clamp (Fig. 373), and vulcan- 
ized under the Lewis gas regulator set at 320° F., for one hundred 
minutes. It was not removed from the vulcanizer until it normally 
cooled to room termperature. The flask had opened approximately 
gs Inch. The specimen was sawed through the center of the flat. 
surfaces and disclosed a dense rim of approximately.4 mm. thick- 
ness, a finely spongy interior, and emitted a strong odor of hydro- 
gen sulphide. The cross-section measured 28.2 mm., that is, had 
increased in size 3.2mm. Mold No. 2 was treated in every way the 
same as mold No. 1, except it was vulcanized for three hours. It pre- 
sented the same general aspect except darker in color, and measured 
but 26.6 mm.; a shrinkage of 1.6 mm. (or one-half the amount of expan- 
sion of No. 1), due to the eighty minutes’ additional heat. Mold No. 3 
was filled in like manner, but bolted firmly together with three bolts, 
and subjected to heat the same as No. 1. The flat surfaces of Nos. 1 
and 2 specimens were not distorted, while No. 3 was slightly convex. 
The plaster investment was more or less crushed and compressed, as 
shown by the surface of the rubber; the internal appearance was the 
same, but it had expanded to a diameter of 28.6 mm., showing great 
force in the expansion.. Mold No. 4 was filled in like manner, tightly 
closed in a Donham clamp and vulcanized slowly; that is, the Lewis 
gas regulator was set at 280° F. for one hour, at 290° for forty minutes, 
and at 300° for two hours. The section of this specimen showed evenly 
dense vulcanization throughout its mass, but excessive skrinkage. 
At the periphery of the flat surface it measured 23.4 mm., and at the 
center 22.2mm. Thus showing a difference of 6.4 mm. in thickness of 
the specimens, due to the methods of applying heat. Mold No. 5 was 
filled with two thicknesses of red rubber upon one side and the balance 
filled in with a good quality of plain pink rubber. This was placed in 
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the Donham clamp and the Lewis regulator set at 320° F .. for ninety 
minutes. ‘There was slight excess rubber forced out, but no distortion 
of the flat surfaces. The section measured 25 mm., and showed but 
slight porosity at its center. 

Fig. 345 shows graphically the model and five vulcanite specimens. 
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The rationale of these experiments is arrived at by a study of the 
physical and chemical properties of the ingredients. The essential 
constituents of dental rubber are caoutchouc and sulphur, both exceed- 
ingly poor conductors of heat, fusing between 239° F. and 250° F ., and 
begins to combine chemically at 248° F. Both constituents expand 
excessively by heat, but their mixture begins to shrink with chemical 
union, and continues shrinking indefinitely under vulcanizing heat. 

It is a physical law that: Force of expansion by heat is in the ratio 
to the denseness of the substance. Therefore, the force of expansion 
of solids and liquids is very great while that of gaseous substances is 
comparatively small. It is evident that the small amount of hydrogen 
sulphide formed in the vulcanization cannot account for the great 
force generated, but that it is due to the expanding dental rubber. 

The relatively large mass of rubber used in these experiments intro- 
duces no constant, but the magnitude makes the phenomena appre- 
ciable while a smaller mass would not be so readily comprehended. In 
these experiments (Nos. 1, 2, and 3) the surface of the rubber was 
rapidly raised to 320° F., causing the surface to expand and harden 
much in advance of that within. As the heat advanced more and more, 
expansion was taking place and a thicker and denser surface of vul- 
canite was forming until there was no more rubber to expand; and, as 
the forming vulcanite shrinks, a vacuum must be created, because the 
internal melted dental rubber must shrink in the direction of least 
resistance. 

Practical Vulcanization.—1. A plaster compound cast. 

2. All wax model dentures should be reduced to the required thick- 
ness, and preferably encased in tin-foil. 

3. Flasked with a good dental plaster, excess space encircling the 
mold, but no gateways. 
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4. The flask well warmed, but not above 212° F. - The mold evenly 
packed with-red or black rubber, or a combination of the two, but in 
no case should the high-grade rubbers be more than 4 mm. in thick- 
ness (danger thickness); all space not filled with the base rubber 
is to be filled with pink rubber. A layer of pink rubber should be 
used over the labial and buccal surfaces for esthetic purposes. 

5. The flask may be cautiously nearly closed under pressure, but the 
final closure is in the vulcanizer under the spring. Bolts and rigid 
flask presses are dangerous. 

6. A spring should be used that will not permit of a pressure exceed- 
ing 500 pounds, and also have a long range of resiliency. A volute 
form is best (Fig. 373). 

7. Vulcanization should be in steam and at high temperature and 
short time, that is, the gas regulator should be set at 320° F. for 
one hour and twenty minutes. As the heating qualities of the gas of 
various cities fluctuate, the time element must be determined by each 
operator for himself. However, sufficient heat should be applied to 
reach the maximum temperature in approximately twenty-five minutes, 
not varying more than five minutes either way; then the high heat 
should be maintained until the rubber, where not more than 1 mm. in 
thickness, is very elastic, but hard enough to readily take a high 
polish. This result will be accomplished in many offices in one hour 
and twenty minutes (that is, twenty-five minutes to heat up and 
fifty-five minutes sustained high temperature); others will require a 
longer or shorter time. 

The reason for the elastic spring and short time method of vulcaniza- 
tion is: The expansion cannot be controlled as to its amount, because 
it must reach its maximum of expansion before induration can begin. 
The effect of the expansion is influenced by the method of retention 
by bolts or by spring clamps, and whether vents are or are not provided. 

The amount of shrinkage is very much influenced by time; the longer 
the time the dental rubber is subjected to vulcanizing heat, the greater 
the amount of shrinkage. High heat causes rapid hardening of the 
surface and the internal pressure during the hardening and shrinking 
of the surface causes a close adaptation of the vulcanite to the sides of 
the mold and teeth; then as the internal shrinking takes place, it will be 
toward the hardened surface. By the use of a flexible spring the expan- 
sion is controlled so that it cannot do harm, and if sufficient expansion 
has taken place to open the flask, the spring will follow up the shrinkage 
until the flask is again closed, after which further shrinkage is not under 
control; whereas if bolts and gateways are used the expansion forces 
out a part of the rubber, and when shrinkage takes place there js less 
material in the mold. Therefore rubber tightly shut in the flask, with 
its expansion and shrinkage controlled by a suitable spring, and rapid 
surface hardening, due to the high heat (820° F.) at the surface and a 
decreasing degree of heat toward the center of the mass of rubber 
because of its poor conductivity, is the logical and scientific method of 
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vulcanizing all dental rubber. However, this method is best adapted 
to comparatively thin masses of rubber; all thick places in vulcanite 
appliances should be filled with an indifferent material, therefore such 
places are filled with plain pink or white rubber. 

If the flask is to be bolted, then gateways opening into vent spaces 
are imperative. Also the pink rubber is even more important than 
when vulcanizing under a flexible spring. If bolts are used the flask 
should be completely closed before the flask is placed in the vulcanizer. 
This closing of the flask is probably more safely done in boiling water; 
whereas, by the elastic-spring method it is not necessary that the flask 
shall be entirely closed. The plaster in the flask should be kept out 
of water, and therefore will have much more resistance to the pressure 
of the expanding rubber and to the force of the spring. The vulcan- 
izer should contain 2 to 5 ounces of water. 


ADVANTAGES AND DISADVANTAGES OF VULCANITE AS A BASE 
FOR ARTIFICIAL DENTURES. 


Advantages.—1. It is easy of manipulation; it can be molded into 
any form, and it becomes, upon proper vulcanization, very strong, 
tough, flexible, and elastic. It is repaired with equal ease. 

2. It is the lightest of all substances used in the mouth; its specific 
gravity is from 1.15 to 1.75, while aluminum, the lightest metal suitable 
for use in the mouth, has a specific gravity of from 2.5 to 2.7, 

3. It is inexpensive, both as to cost of material and labor in con- 
struction, thus bringing it within the reach of patients unable to afford 
metal plates. 

4. Difficult cases can be easily and perfectly restored. 

Disadvantages.—1. It is a very poor conductor. It prevents the 
proper radiation of heat from the mucous membrane over which it is 
placed, thereby leading to excessive resorption of the hard tissue and 
lowering the vitality of the soft tissue, in consequence of which they 
are more subject to the action of irritants. 

2. The physical property of continued shrinkage under vulcanizing 
heat is certainly a disadvantage, because it interferes with perfect 
adaptation when revulcanized. 

3. Bacterial growths multiply much more readily on vulcanite bases 
than upon metal bases. 

By some vulcanite is considered as porous. ‘This is undoubtedly an 
error. In 1869 a committee of the Pennsylvania College of Dental 
Surgery, consisting of Professors Wildman, Buckingham and ‘Truman, 
were appointed to investigate and report upon Dental Vulcanite. In 
part the report states: “In repeated examinations made to test this 
(porosity), by high power of the microscope, nothing resembling pores 
has ever presented. It has been found impossible to procure a section 
thin enough to transmit light, although ground to extreme tenuity. 
Examined as an opaque object, it presents a homogeneous mass, with 
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no appearance of openings for the admission of fluids; nor have we 
ever been able to discover moisture in specimens that have been worn. 
That it is impenetrable to moisture in the ordinary process of wear, is 
apparent in the non-increase of weight.’’ In correspondence with 
Professor Truman since the former edition of this book, he writes, 
that he has had no evidence to change the conclusion as presented in 
the report published in the Dental Times of July, 1869. Further than 
this, the process of manufacture of rubber requires compression between 
very powerful rolls, and its physical property of increasing the specific 
gravity by vulcanization would favor great denseness. 

Recent experiments by Dr. Snow seems to show a small amount of 
absorption of water by the dental rubber now used. ‘Therefore, a 
conclusion should not be formed until further evidence is adduced. 

Red and pink rubbers are considered injurious because of their 
coloring matter, vermilion (mercuric sulphide). This criticism is 
unjust, because pure mercuric sulphide is insoluble in water, alcohol, 
alkali, and all acids except nitrohydrochloric acid, which under no 
condition should come in contact with red or pink vulcanite, as this 
acid converts HgS into HgCl, (corrosive sublimate). It is evident 
that the heat of the vulcanizer cannot decompose vermilion because in 
its manufacture the ingredients are subjected for many hours to a 
temperature approximating 1200° F.; therefore, it would be unreason- 
able to expect a temperature under 400° F. to undo the work of three 
times as great a heat. However, it is possible that free mercury may 
be in red rubber, but if so it is because it was placed there in a poor 
quality of vermilion; therefore the dentist should use only the high- 
grade rubbers of reliable manufacturers. 


CONSTRUCTION OF VULCANITE DENTURES. 


The history and the physical and chemical properties of caoutchouc 
and vulcanite have been treated at considerable length, under the belief 
that with this information fully set forth, the student will pursue the 
study of the technic of the construction of vulcanite dentures more 
intelligently and with more interest and profit. 

It is important in dental technic that every step in the series of an 
operation be carefully and accurately performed, otherwise the desired 
results cannot be obtained. 

There are two general methods of constructing vulcanite dentures, 
which we shall name the Double Vulcanization Method and the Single 
Vulcanization Method. The first method is best adapted to all full 
cases where contour restoration of the gum tissue 1s required; also to 
some partial cases. The second method is best adapted to full cases 
where little or no gum restoration is required and to the larger portion 
of partial cases. 
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FULL UPPER: DOUBLE VULCANIZATION METHOD. 


The operation consists of taking the impression, making the cast, 
forming a base-plate, and finishing the maxillary surface thereof; of 
obtaining the occlusion models, arranging the teeth and proving the 
contour and expression; of preparing the case for flasking, packing, 
vulcanizing, and finishing. | 

Impressions.—It is imperative in vulcanite work that a perfect 
impression be obtained. The technic of this operation is described 
in former chapters. 

The Cast.— ‘or many years plaster of Paris was used to the exclusion 
of practically all other mediums for cast construction, but recent 
investigation has proven that it is totally inadequate to meet the 
necessary demands. 

During the process of vulcanization, the cast is subjected to high 
temperature plus steam penetration which causes a general breaking 
down and disintegration of the mass. This may be called the “temper- 
ature deterioration point’? and varies greatly with different cast 
materials. The pressure necessary for complete closing of the flask 
causes a certain movement of the rubber in the matrix. This may 
be called the “temperature flow” of the rubber and varies with different 
base rubbers. 

Inasmuch as the temperature deterioration point of plaster of Paris 
begins in the vulcanizer at about 215° to 220° F. and the average 
temperature flow of most base rubbers is around 270° F., it will be 
noted that a cast constructed of plaster of Paris will have deteriorated 
and broken down long before the base rubber has seated itself in the 
details of the matrix. In other words, the vulcanite base is formed 
over and around a disintegrated cast which is changed under the 
pressure. : 

Another reason why plaster of Paris should never be used for a cast 
over which to vulcanize is that it cannot withstand the heavy pressure 
to which it is subjected during the process of flask closing. Where 
bolt pressure is used in closing the flask, it has been demonstrated 
that pressures up to 8000 pounds per square inch on the face of the cast 
are not uncommon. Even our improved and more modern cast 
materials cannot withstand this amount of pressure much less plaster 
of Paris. 

Healy’s artificial stone or the Ransom & Randolph Model Stone 
(Improved) are much better for this work than plaster of Paris. These 
materials are used very much like plaster of Paris, but always without 
accelerators, and are mixed much thicker. They should be kneaded 
in the hands until about the consistency of glazer’s putty and then 
packed in the impression and allowed to set for at least three hours 
- before separation is attempted. 

It is better practice in vulcanite work to carve and make additions to 
the cast for equalizing the pressure of the denture than to alter the 
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impression. However, if the impression is properly taken with either 
plaster or compound, carving and addition are rarely indicated. The 
carving can be done as described in the chapter on this subject. Obvi- 
ously, additions to the cast must be made of a material that will stand 
the heat of the vulcanizer. Tin is best for this purpose as it does not 
discolor the rubber. The S. S. White No. 60 tin-foil, which is about 
0.005 of an inch thick, is well adapted for this use, and can be applied 
in one or more thicknesses by attaching each layer with sandarac 
varnish. Thicker pieces of tin can be made by rolling out bar tin, after 
which they are annealed by placing a few moments in boiling water. 
This tin plate is fastened to the cast by 4 inch tacks or brads, or is 
retained by the tin-foil used for finishing the maxillary surface. 

The Base-plate——The cast having been properly prepared, the base- 
plate is made by warming and evenly forming a sheet of this base- 
plate wax over the cast. With a warm wax spatula the excess waX is 
cut off, permitting the wax pattern to extend one-sixteenth of an inch 
farther over the sides of the cast than it is desired to have the plate 
extend when it is finished.- The hot spatula is then passed around 
the edge of the wax which causes it to adhere to the cast. The base- 
plate may be very much improved by adding a small roll of yellow 
wax to the entire periphery (except the palatal border of the upper 
base-plate). This border wax is united and shaped to the base-plate 
with a hot wax spatula. The cast with the wax base-plate is now 
flasked in a Star or Wilson flask (Figs. 372 and 373). 

Flasking the Base-plate-——The flasking is done with regular dental 
plaster, and should be so arranged that the separation of the two por- 
tions will be at the periphery of the wax. The plaster in the first section 
of the flask must be coated with a separating fluid. Any of the various 
liquids used for separating plaster may be used, except oil, which should 
never be used in rubber work, as it has a deleterious effect upon the 
vulcanizing rubber. After the flask is filled, it should stand until the 
plaster is thoroughly hard. French’s regular dental plaster will require 
not less than twenty minutes and the slower-setting plasters from thirty 
to forty-five minutes. If the surface of the cast, covered with wax, 
present no undercuts, or, but slight ones, the flask may be opened. 
without warming; but if there are undercuts of any magnitude, the 
flask should be heated and placed in a stew pan or any convenient 
receptacle and covered with cold water. The water is heated to 
ebullition, when the flask is removed from the water and separated. 
The wax will be sufficiently softened to permit of easy removal. It is 
desirable to have all wax removed without melting, but should a por- 
tion of the wax be melted upon the cast it should be washed away with 
boiling water in which sodium carbonate (sal soda) is dissolved, about 
a dessertspoonful to a quart of water. Some experience will be required 
to know when to take the flask from the water. Large cases in which 
the wax is very near the sides of the flask may require opening just 
before the water reaches the boiling point; while small cases in which 
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the wax is much nearer the center of the flask may require boiling 
for a minute or two. 

An excess space to receive the superflucus rubber should be cut in 
the cast portion of the flask, beginning 4 inch from the mold and extend- 
ing to the rim of the flask. 

Finishing the Maxillary Surface of the Base-plate-—The surface of 
the cast should now be coated with a material that will give a hard and 
smooth finish to the maxillary surface of the vulcanite. There are 
three general methods, which are known as the tin, the liquid-silex, and 
the Glasslene methods. 

The Tin Method.—This method is preferable as it gives a smoother 
and denser surface to the vulcanite, especially if any wax has been 
melted into the cast. A sheet of No. 4 or No. 6 tin-foil is nicely fitted 
over the cast with the thumb and finger. It is then removed and the 
excess of tin cut away with sharp scissors, as indicated by the imprint 
of the edge of the cast upon the tin. The cast is now coated with san- 
darac varnish, and when it becomes sticky the tin is at once replaced 
and firmly pressed and gently rubbed with a wad of soft tissue paper 
until there is perfect adaptation to the cast. The tin should be rubbed 
until it has a well burnished surface. It is important that the tinned 
cast be coated with a lather of soap. This is accomplished by wetting 
a soft bristle brush and rubbing it upon a cake of soap and then upon 
the palm of the hand, until a smooth lather is formed, which is applied 
to the tinned surface; or a thin wash of Johnson’s ethereal soap may be 
used. If the soap is not applied, the tin and vulcanite will adhere very 
strongly and can only be separated by dissolving the tin with mercury 
or hydrochloric acid. 

The Silex Method.—The liquid-silex method has the advantage of 
being more easily applied, and if the surface of the cast is entirely free 
of wax or oily substances, it will give nearly as good results. A clean 
ox-hair or camel’s-hair brush is dipped into the liquid-silex and is then 
applied to the cast. It will be necessary to occasionally dip the brush 
into water, so that the silex may be well diluted and evenly applied. 
The excess of silex should be absorbed with a cloth. Another method is 
as follows: While the thin silex is still moist upon the cast, dust with 
talcum powder and when dry, rub carefully with a soft cloth. The 
liquid-silex bottle should be kept well corked and no particles of plaster 
be permitted to get into it, as they will precipitate and spoil the silex 
for use. The brush must be well washed each time it is used. 

The Glasslene Method.—Glasslene is a trade name given to a pre- 
paration of cellulose that is furnished in very thin sheets. When 
rubber is vulcanized in contact with this material, it leaves a smooth, 
clean, and dense surface very similar to that produced by tin-foil. It 
has the advantage over tin-foil in that it is much more easily removed 
from the vulcanite base. 

Its chief disadvantage lies in the fact that it is more difficult to 
adapt to the surface of the cast without creases and wrinkles. These 
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can be partially prevented if the Glasslene sheet is first moistened in 
warm water before applying. 

Packing the Base-plate.—The cast having been coated with either 
the tin, liquid-silex, or the Glasslene, the counter portion of the flask is 
placed plaster side down, upon a piece of sheet iron over the gas stove. 
The cast portion of the flask is placed upon the sheet iron with the cast 
downward, and one edge resting upon the other section of the flask so 
that the cast does not touch the sheet iron; heat is applied for three 
or four minutes or until the plaster is as hot as the fingers can bear 
when pressed upon it. The case is then removed from the sheet iron 
and a piece of brown or black rubber large enough to cover the cast is 
placed in the mold in the flask. If there is any doubt of the rubber 
filling the mold, an extra piece should be added. The two portions of 
the flask are placed together and gently pressed in the flask press until 
closed. (See Figs. 377 to 379.) 

Vulcanization of the Base-plate.—The flask is then clamped or bolted 
and placed in the vulcanizer (see Figs. 381 to 391), and sufficient heat 
is applied to raise the temperature to 320° F. and sustained for fifty 
minutes. When the flask is cold the case is removed and all plaster 
cut and brushed away. 

Finishing the Base-plate—The periphery of the base-plate is trimmed 
with a vulcanite file to the desired outline, and the labial, buccal, and 
lingual surfaces are scraped, so as to have a clean, fresh-cut surface for 
the attachment of the teeth and contouring rubber. 


Fic. 346.—The base-plate. 


Obtaining the Occlusion Models.—The base-plate (Fig. 346) is placed 
in the mouth and the patient is instructed to swallow; when, if the 
conditions are favorable, it will be firmly retained. With the index- 
finger, pressure should be exerted upon every portion of the base-plate 
to see if this tends to dislodge it; and if so, the cause should be noted to 
see if the fault can be corrected. It is to be observed if the labial and 
buccal freena are sufficiently relieved, that the plate at the canine emi- 
nence js as high as can be worn, and that the distal edge of the plate 
does not extend too far backward. If there are faults that cannot be 
corrected a new impression should be taken and the work started again. 
In some cases the soft tissues are so very tense that adhesion will not 
take place at once. In such cases the index-finger of the left hand 
should be placed against the vault of the base-plate and the test made 
as before,—when, if the base-plate sets firmly at every point and the 
peripheral line is correct, the operator may be assured the finished 
denture will adhere after it has been in the mouth a short time. 


> 
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A satisfactory base-plate having been obtained, wax should be formed 
over the alveolar ridge of the base-plate to restore the contour of the 
gum and the outline of the teeth, by repeatedly trying in the mouth and 
adding to or taking away the wax until the desired effect is produced 
(Fig. 347). The objects sought are: (1) that the lips and cheeks be 
held in as near the normal condition as possible; (2) that the wax be 
built the full length of the lip, thus indicating the incisal line of the 
teeth; (3) that the occlusal edge of the wax be carved to receive a slight 
imprint of the cusps and incisive edges of all the lower teeth, and (4) 
that a line be drawn in the wax to indicate the median line of the face 
and also the high lip line at the highest point at which the patient can 
elevate the lip by muscular action. 


Fie. 347.—The base-plate with wax added used for the bite-plate. 


Sufficiently well-softened modeling compound should be placed in 
a lower tray and a perfect impression of the occlusal and incisive 
surface and at least one-half the length of the lower teeth be taken. 
This impression may be filled with regular dental plaster or better, arti- 


_ ficial stone, because of its great hardness. 


Teeth of suitable size, form and color (see Chapter VII), should now 
be selected and the patient dismissed. . 

The base-plate with its wax occlusion model and cast of the lower 
teeth should be adjusted upon an anatomical articulator (Fig. 348). 
If there are heavy undercuts in the base-plate, they should be filled in 
with soft wax, but if the undercuts are not sufficient to interfere with 
its easy removal from the supporting cast, no wax will be needed. The 
cast of the lower teeth should be adjusted to the imprints of the teeth 
in the occlusal edge of the wax model and sufficient regular dental plas- 
ter mixed to fill the base-plate and attach all to the articulator. Atten- 
tion should be given to placing the case properly upon the articulator. 
The Snow face-bow furnishes a good means for accurately adjusting 
the case. Fig. 349 shows wax model removed. 

Arranging the Teeth.—A section of the wax model extending from the 
median line and the high lip line backward to the first molar, upon 
one side only, should be removed (Fig. 348). Arrange the teeth in this 


$ 
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space so as to restore the contour of the removed wax, and at the 
same time follow the instructions in Chapter VII. Wax should be 


Fia. 348.—Casts mounted upon articulator: wax removed for setting up of teeth 
on one side. 


melted about the lingual and cervical portion of the teeth to securely 
fasten them. The remaining segment of wax representing the molars 
should now be removed and the teeth secured in their position. The 
opposite side is treated in like manner. The contour of the gum is 


Fic. 349.—Base-plate on articulator with wax removed. 


restored by aid of a wax spatula and the addition of wax where needed. 
The wax can be nicely smoothed by passing it through the Bunsen 
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flame. The teeth may be cleaned of wax by using a cloth wet with 
chloroform. ‘The case should now be taken from the articulator. If any 
wax has been placed upon the maxillary surface it must be removed. 

Proving the Antagonization, Contour, and Expression.—The case should 
be placed under the faucet to chill the wax and moisten the maxillary 
surface; it is then placed in the mouth. The occlusion must first be 
considered. Examine the molars and bicuspids with a mouth mirror 
and use a thin spatula blade to determine if there is equal pressure 
upon both sides. The antagonization can be inspected by requesting 
the patient to carefully close the teeth in various positions. The 
incisors are studied by taking a position in front of the patient, and 
requesting the patient to raise the upper lip, thus observing the location 
of the median line and the inclination of each of the six anterior teeth 


Fie. 350.—Teeth set up and strings in place. 


(see Fig. 367). The contour is proved by studying the face. Standing 
at the side of the patient observe the profile and see that the upper lip 
is in harmonious relation to the lower, also that the lip has its normal 
fulness throughout its length (see Figs. 365 and 366). If the patient 
has been without teeth for a number of years, or has been wearing 
dentures in which the bite was abnormally closed, it may be noted that 
the upper lip has become somewhat shortened and thickened. Where 
this condition is present it may be advisable to select teeth that are 
slightly too long in appearance because a correctly constructed denture 
will have a tendency again to place the lip under normal tension and it 
will again assume its original position. In that case the teeth will 
appear more natural. If this precaution is not taken, when the 
lip again assumes its normal condition, the teeth will be completely 
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hidden and the patient will appear edentulous. The operator should 
again take a position in front of the patient. Attention should be. 
given to the incisive fossx and canine eminences, and especial atten- 
tion be given to the triangles formed by the wings of the nose and cheeks 
which are influenced by the apices of the canines. If it is desirable, 
the cheeks can be contoured to a limited extent by the addition of wax 
contours (plumpers) over the molars. Having obtained the desired 
results in a state of rest, the operator should engage the patient in con- 
versation and observe the effect. The case is now cleansed of the secre- 
tions of the mouth by holding under the faucet and drying with a cloth. 
If any of the teeth are loose, they must be securely fastened, and the 
wax smoothed without changing its form. 

The double vulcanization method is especially adapted for restoring 
the contour and expression, because this work is done in wax, when the 
wax form can be easily and perfectly reproduced in vulcanite. 

Preparing the Case for Flasking.—If the teeth have been set up with 
pink paraffin, sticky wax or Kerr’s setting-up wax, the surface should 
be finished with pure yellow wax, as it is very difficult to attach tin- 
foil to the hard waxes. Strings are used for outlining the festoons and 
periphery of the gums. The object of the festooning string at the cer- 
vical portion of the teeth is to give the proper thickness to the margin 
of the gum. The string used for this purpose is waxed dental floss, 
twisted very hard, doubled, and twisted again. In doubling, the loop 
will show the direction in which it should be twisted the second time. 
Wax the string well with softened wax and apply it by grasping the 
left heel of the plate between the fingers and thumb of the left hand, 
with the occlusal surfaces of the teeth upward; place one end of the 
string at the distal surface of the second molar, pressing it gently into 
the wax; outline the margin of the gum, using the wax spatula to 
carry the string well into the interproximal spaces. The peripheral 
string should be well-waxed wrapping twine, placed at the outer edge 
of the wax, and secured in place by melted wax made smooth with 
a hot spatula (see Figs. 350, 359 and 369). If the roll of wax was 
added to the periphery of the pattern base-plate the peripheral string 
is not applicable. The vulcanite base-plate formed with the thickened 
rim is the preferable method, as it provides greater rigidity. 

The next step is to cover the buccal and labial surfaces with a strip of 
No. 60 tin-foil. Instructions are necessary in applying the tin over 
the strings. The No. 3 instrument of the Evans set of carvers (Fig. 
370) is especially adapted for adjusting the tin-foil. The strip of foil 
is placed over the wax and teeth and pressed as closely as possible into 
position with the fingers. Hold the work in the left hand, seize the 
ivory-pointed instrument by the hand grasp, rest the thumb upon the 
occlusal surface of the second molar and burnish the tin closely to the 
tooth and against the festoon string. Continue this operation with all 
the teeth. With a sharp chisel cut away the excess of tin upon the 
teeth to within one-sixteenth of an inch of the festoon string (see Fig. 
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301). After readjusting the tin about the teeth, the metal must be 
burnished over the string to give the desired thickness of the gum and 
the contour of the festoon. This is done by holding the plate and 
burnisher in the same manner as before. The instrument must extend 
one-sixteenth of an inch behind the string and at the same time must 
rest upon the body of the tooth while pressing the tin down over the 
festoon string. By this means a proper thickness and contour is given 
the margin of the gum, without forming an unnatural beaded edge. 
After all the teeth have been thus treated, the position of the plate 
should be reversed in the left hand, so that the thumb of the right hand 
may rest upon the periphery of the plate while burnishing the tin from 
the festoons toward the edge of the plate. With a pair of sharp curved 
scissors trim the tin flush with the peripheral string, but do not permit 
it to overlap the vulcanite base-plate (see Fig. 351). The case is now 
ready for tinning the lingual surface. Use No. 60 foil and if the vault 


Fic. 351.—Tin-foil applied to labial and buceal portions of denture. 


is a high one, slit the tin from the middle of one side to the center. 
Place the inner end of the slit over the middle of the vault, and one edge 
of the slit along the median ridge to the incisor teeth; press the side of 
the foil gently against the wax.and teeth; press the other half of the tin 
in the same manner into position, permitting the slit portion to overlap 
the first half. With sharp scissors trim the tin nearly down to the 
teeth. Remove the foil and place it upon a plaster or metal cast! 
having well-defined rugee and burnish the ruge into the foil. Remove 
the foil, turn it over and fill the impressions of the rugee with wax, also 
smear the remainder of this surface with a thin layer of wax; now 
replace the waxed surface against the vault of the plate and nicely 
adjust with the fingers. The tin must be securely burnished against the 
teeth. The lingual contour of the teeth? is reproduced by burnishing 
their forms in the tin. (See Fig. 352.) ; 


1 A suggestion of Dr. A. DeWitt Gritman of the University of Pennsylvania. 
2 In the International Dental Journal for August, 1905, Dr. William M. Fine describes 
and beautifully illustrates his method of carving the lingual contour of the teeth. 
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Flasking.—A flask with a narrow rim is imperative. The Star flask 
will do very well, but one made by the Cleveland Dental Manufactur- 
ing Company, called the Wilson flask, will better serve the purpose. 


Fia. 352.—Tin-foil applied to lingual surface. Showing rugee and carving of the lingual 
: surfaces of the teeth. 


This flask is designed to be used with the Donham clamp. (See Fig. 
Olas) 

The maxillary surface of the case, having been cleansed of wax, 
is filled with artificial stone, which forms a cast upon which the 


Fie. 353.—Cast and denture invested in Wilson flask. 


denture is vulcanized. This vulcanization cast should be not less 
than + inch thick at the thinnest portion of the vault, and should 
not overlap the tin facing. In one hour this cast will be suffici- 
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ently hard to place in the first section of the flask with regular dental 
plaster (see Fig. 353). The peripheral string will be a great aid in 
outlining the denture in the investment plaster. After the plaster 
has set, it is coated with a separating fluid, and then held under the 
faucet so as to moisten the tin-foil and thus facilitate the flowing of 
plaster into the interproximal spaces at the time the flasking is com- 
pleted. The flask should stand about twenty-five minutes and then 
be placed over the stove in a stew-pan of cold water to be heated up as 
before described. 


Fig. 354.—Counter portion of Wilson flask. 


Separating the Flask——When the heat of the water indicates the 
time of opening, the flask is grasped with a cloth-holder in the left hand 
and separated by the point of a knife blade or wax spatula inserted at 
the heel of the flask. The instrument should be guarded by the thumb 
and finger of the right hand to avoid the possibility of marring the case. 
The strings and as much of the wax as possible are removed with the 
spatula, when the remainder is removed by pouring boiling water upon 
it; then with a cloth the vulcanite base-plate and tin lining are wiped 
dry. The vulcanite base-plate is further cleaned with a cloth saturated 
with chloroform (Figs. 355 and 356). The excess space is cut with 
small gates (see Fig. 356), and the separated flask is placed over the 
sheet iron to warm as previously described. The small gates leading 
to the excess space should be used only with a bolted flask. A spring 
controlled flask should have the excess space but no small gates 
leading to it. 

Packing.—Sufficient granular gum or pink rubber is cut into strips 
to form a layer of one thickness over the tinned surface. First pack 
a narrow strip of red rubber about the pins (Fig. 357, C), and small 
square or triangular pieces of granular gum between the cervical 
portions of the teeth. The strips of granular gum are then placed 
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over the labial and buccal surfaces of the matrix with the fingers and 
wax spatula so that no space remains through which the red rubber 


Fic. 356.—Lower portion of flask, showing invested base-plate and outlet vents for the 
excess of vulcanite. , 


- 


can escape. The strip of red rubber about the pins should be pressed 
down with a wax spatula to form a symmetrical outline. A piece 
forming half a circle of granular gum is then placed over the anterior 
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portion of the lingual surface (Fig. 357, A), and with the wax spatula 
the circular edge is joined to the red rubber about the pins of the 
teeth. A piece sufficiently large when stretched to half its thickness 
(Fig. 357, B), is then applied over the remaining portion of the lingual 
surface, and its edges are united to the contiguous rubber. Strips of 
red rubber are then placed over the teeth to nearly, but not quite, fill 
the mold. If the restorations are more than 3 mm. thick, they should 
be filled with pink or white rubber. A separating cloth of closely 
woven cotton, or the cloth removed from the rubber, after the sizing 
has been washed out, is saturated with soap and water and placed over 
the rubber in the mold—when the two sections of the flask are placed 


B 


Fig, 357.—Invested case partially packed. A, half circle of granular gum; B, thin 
granular gum; C, strip of red rubber about the pins. 


together. If the packing has been expeditiously done and the rubber 
is sufficiently warm, it is placed in the flask press and gentle pressure 
applied. The flowing of the rubber should be followed every ten 
seconds with a partial turning of the screw until the flask is closed. 
The flask is then removed from the press and separated. If there is not 
an excess of rubber, the cloth will easily separate from the rubber, but 
should there be strong adhesion; saturation of the cloth with hot water 
will facilitate its removal. If the plaster has become nearly cold 
while packing, the flask should be placed in boiling water for three 
minutes before it is pressed. , 

Vulcanizing.—The case is vulcanized in the same manner as the base- 
plate. Preference is given to low temperature and long time, 300° F., 
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for three hours from the time of applying the heat. It should not be 
taken from the flask until it is cold. 

Finishing.—After washing to remove the loose plaster, the tin can be 
easily stripped off, and the excess vulcanite filed from the periphery of 
the denture. A sharp chisel should be used to trim about the labial and 
buccal surfaces of the teeth, but the lingual surface should be trimmed 
with a scraper. The file marks about the periphery of the plate should 
be removed with fine sandpaper. The labial, buccal and lingual sur- 
faces are buffed with felt wheels and cones carrying pulverized pumice 
and water. The spaces between the teeth are best reached with a stiff 
bristle brush-wheel, using wet pumice. All the surfaces including the 
maxillary, are glossed by using a rapidly revolving soft brush-wheel and 
whiting wet with alcohol or water. . 


Fig. 358.—Completed denture for case A. 


Case A.—Figs. 348, 349, 350, 351, 352, 358. Constructed for a 
lady about fifty-five years of age, and of square type. Teeth, 5.5. W. 
natural forms, mold number 227, shade number 47. The illustration 
will show that nearly all the teeth were ground for the purpose of 
occlusion or to represent age, and the laterals to represent a personal 
peculiarity. When the finished denture was placed in the mouth 
‘t was observed that the central incisors and canines were too much 
curved in the long axes of the teeth. The labial surfaces of these teeth 
were ground to give them the square angular form indicative of the 
square type, thus completing the harmony in form. These ground 
surfaces were then given a dull polish as described in the paragraph 
“Grinding and Polishing” under the heading—‘‘General Technic 
Instruction.” These photographs were made before the grinding of 
the labial surfaces. Attention is called to the canine eminences and 
the incisive and canine fossee. 

Case B.—Patient about forty-five years of age, of ovoid type. The 
patient had worn artificial dentures for fifteen years. Teeth used, 
S_S. W. natural forms, mold number 202, shade number 40. Attention 
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is called to the extensive contours; also the general rounded outline 
indicative of the type (Figs. 359 to 367 inclusive). 


Fie. 359.—Full upper and lower cases waxed up, showing large contours and method of 
using waxed string. 


Fic. 360.—Completed dentures for case B. Note large contours on buccal surface of 
upper plate. 
27 


Fig. 362.—Occlusal surface of lower denture shown in Fig. 360. 


Fie. 364.— Mandibular surface of denture as shown in Fig. 360. 
(418 ) 
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Cas C.—Lady thirty to thirty-five years of age. Marked tapering 
type. Teeth S.S. W. natural forms, mold number 215, shade number 
31 (Fig. 368). 


Via. 365.—Profile view of patient de- Fic. 366.—Profile view of patient with 
scribed as case B. Before the insertion of denture in place. 
the denture. 


Fic. 367.—Three-quarter view of patient with denture in place. 
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Case D.—Lady about fifty years of age, ovoid type. Teeth S.S. W. 
natural forms, mold number 223, shade number 40. Gum restoration 
about the thickness of a sheet of base-plate wax. Only suitable for 
construction by single vulcanization method (Fig. 369). 


Fia. 368.—Completed denture for case C. 


Fic. 369.—Denture for case D. 


FULL UPPER: SINGLE VULCANIZATION METHOD. 


A plaster compound cast is made from the impression, upon which 
is formed a base-plate of paraffin and wax, modeling compound, or 
any of the hard gum base-plate materials upon the market. The 
wax is arranged in the same manner as upon the vulcanite base-plate 
for obtaining the occlusion models. (Chapter V.) 

The cast and occlusion models are attached to the articulator. The 
teeth are arranged, the gum contoured, and thecase tried in the 
mouth. It is obvious that it will be more difficult to prove the occlu- 
sion, contour and expression, because of the imperfectly fitting trial 
plate. The denture is then cleansed of the secretions of the mouth, 
dried, and the tin-foil adjusted upon the wax. With a hot spatula 
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and a little wax the case is sealed to the cast. The cast is then 
well saturated with water, when it can be easily removed from the 
articulator by inserting the end of a knife blade between the cast and 
attaching plaster. It is then ready for flasking, as in the previous 
case. 

The labial and buccal surfaces are packed with granular gum or pink 
rubber as in the other method, but the lingual surface is packed entirely 
with base rubber. Care should be exercised to properly distribute the 
rubber about the mold and to use no excess for the first closing of 
the flask. After removing the separating cloth, sufficient rubber is 
added to fill the deficiencies and give a slight excess when the flask is 
closed. It is then vulcanized and finished as in the former case. 


FULL UPPER: SINGLE VULCANIZATION SUB-METHOD. 


The procedure is the same as the preceding method, up to the pre- 
paring of the case for flasking. The strings and tin-foil are not applied, 
but the wax form is nicely smoothed in the Bunsen flame or by use of 
soft cloth or cotton and some solvent of wax—chloroform is the least 
objectionable. The case is then flasked and the rubber packed against 
all portions of the plaster, except the cast, which should always be 
finished either with the thin tin and soap, or silex. Owing to the rough 
surface produced by contact with the plaster, it will be necessary to 
file, scrape and sandpaper the entire labial, buccal and lingual surfaces 
before they are ready for polishing, thus more than offsetting the time 
saved by not applying the strings and heavy foil. The surface pro- 
duced is not as hard and dense as that obtained from contact with the 
metal. 


FULL LOWER: DOUBLE VULCANIZATION METHOD. 


The only difference in method of constructing the lower and upper 
dentures is in the application of the peripheral string, which in the 
lower should completely encircle the base-plate; while in the upper 
the distal edge is not outlined from heel to heel. 


_ FULL LOWER: SINGLE VULCANIZATION METHOD. 


The one detail in the construction of this lower denture, which differs 
from that of the upper one, is the necessity for adding a 16-gauge soft 
iron wire stiffener over the wax base-plate, to give rigidity in securing 
the wax occlusion models, and later while proving the occlusion by try- 
ing in the mouth. The wire is removed from the flask with the wax. 
See Chapter V for other methods of taking the bite. 
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PARTIAL CASES. 


These are usually made by the single vulcanization or sub-method. 
They differ from a full case in the manner of flasking and packing, 
which will be explained under the heading “Flasking.”’ 


GENERAL TECHNIC INSTRUCTIONS. 


Flasking.— Rule J.—All full cases and partials with gum restora-: 
tions should be flasked so as to separate at the periphery of the wax. 
The Wilson or Star flask is best adapted to this class of work. If the 
Star flask is used, the case must first be embedded in the narrow rim 
portion of the flask. 3 

Rule IIT.—All partial dentures without gum restorations, and most 
repairs must be so imbedded in the first section of the flask that the 
teeth are held securely in apposition with the cast when the flask is 
opened. The Star flask, using the wide rim first, or any of the various 
forms of flasks of the Whitney type, is best for these cases. Under 
this rule the cast and denture are imbedded in the encasing plaster of 
the first section of the flask, the wax only being exposed. The plaster 
in the first section must be so shaped that the two portions of the flask 
can be easily separated. 

In connection with this rule, attention is called to a class of repair 
cases that perplex the novice; namely, those having an extensive frac- 
ture upon both the lingual and buccal or labial surfaces. This diffi- 
culty in flasking is overcome by attaching one or more shafts of wax, 
one-fourth inch in diameter, at suitable locations over the fracture 
upon the labial or buccal surface. The shaft of wax must be sufficiently 
long to extend through the encasing plaster. When the plaster has 
hardened, a portion of the wax shaft and the surrounding plaster is cut 
away to form a cone-shaped depression, which will be filled in with the 
plaster in the top section of the flask. These wax shafts will form 
openings through which the rubber can be packed, and which are to be 
filled with rubber. After vulcanization, the shaft of rubber may be 
removed with a mechanical saw. (See Figs. 409 and 410.) 

The salts NaCl and K.SO, should never be used to hasten the 
setting of the plaster in the flask, as they weaken it and make the warp- 
ing of the plate during the closure of the flask and vulcanization more 
likely. 

Packing.— When the case is prepared for packing as described in the 
double vulcanization process, some operators prefer placing the cold 
rubber in the flask, because it is firmer and easier to handle, and will 
soon become warm and pliable from the heat of the flask; other oper- 
ators prefer warming the rubber as well as the flask, and it is better for 
all students to do so until they have gained dexterity and confidence in 
their ability to quickly pack the case before the flask becomes too cold. 

A convenient way to warm the rubber is to heat in hot water a piece 
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of soap-stone (a small-sized foot warmer), and after the rubber is cut 
into suitable strips, it is placed upon the stone. By this means the 
stone does not become too hot, and holds the heat well. Another device 
is a porcelain dish upon which the rubber is placed and is kept warm by 
placing the dish over a receptacle containing hot water. An electric 
warming oven serves this purpose excellently (see Fig. 380). It is very 
essential in packing a case that the rubber shall be evenly distributed 
through the mold so that in closing the flask there will be no undue 
pressure at any point, thus avoiding a warped denture or elongated 
teeth. 

Vulcanizing.—F or convenience, cleanliness and uniformity of results, 
dental vulcanization is accomplished in a specially constructed machine, 
ealled a vulcanizer (see Figs. 8381-391), which is a steam-tight boiler. 
The operation can be accomplished in a sand, glycerin or oil bath, but 
this is not desirable for obvious reasons. The time of vulcanizing will 
be influenced by both temperature and the surrounding medium. Vul- 
canization begins at 248° F., but at that temperature it would require 
many hours; at 280° F., it will require five and a half hours; at 300° F., 
two and a half hours; and at 320° F., fifty minutes. The medium sur- 
rounding the flask in the vulcanizer must be either water, steam or air. 
The time required to produce the same result will be in inverse ratio 
to the conducting power of the medium; water being the best conductor 
of heat will require the least time, steam second, and. air being the 
poorest conductor, will require the longest time. However, owing to the 
fact that water is more detrimental to the physical properties of plaster 
than steam the best results are obtained by elevating the flask above 
the water in the vulcanizer. Two to 5 fluidounces of water is sufficient 
for a two or three flask vulcanizer. It is always best to permit the 
vulcanizer to stand until it is cold before opening, but when it is neces- 
sary to expedite matters, the steam may be blown off, the vulcanizer 
opened, and the flask be set in a pan of cold water. This last procedure 
would be condemned by some, but owing to the poor conducting and 
radiating property of plaster, it is doubtful if this method of cooling 
ever accounts for fractured teeth. Under no condition, however, should 
the flask be opened until the plaster in the center of the flask is cooled 
to blood heat, which will be sometime after the flask is cold if placed 
in water. 

Finishing.—The filing is done with a rather coarse file especially 
made for this work (see Fig. 394). A 7- or 8-inch half-round file 
having an oval and a flat side, a coarse and a fine end, is a very 
desirable instrument. The cutting is done with a push stroke. A 
round or rat-tail file is also very useful. For scraping and trimming 
the plate, short shank Kingsley scrapers numbers | and 5, and an Ivory 
scraper number 9, and a Wilson or a Spaulding chisel, make a very 
complete equipment (see Figs. 395-398). These instruments should 
be kept very sharp by grinding and honing. The sandpapering is 
done with a 2 inch square piece of number 4 or 1, followed with 
number 00 paper. The paper is cut into squares by placing the sand 
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side down over a crevice and cutting with a knife. Various substances 
are used for buffing wheels and cones, but felt has proved the most 
satisfactory. The wheels have either a square or a knife-edge. The 
knife-edge soon becomes so blunt that it fails to do the work for which 
it was designed. This difficulty can be overcome by using a worn-out 
half-round file ground to a sharp edge, held by an end grasped in each 
hand, when the felt wheel can be quickly and safely turned to shape. 
The felt carries the abradant, of which pumice is the best, and must 
be kept well moistened; otherwise the vulcanite will be heated and 
possibly warped. The wheel should be run at a moderate speed, and 
the hands holding the work firmly against the felt carrier must be kept 
in constant motion, so that symmetrically curved surfaces may be 
formed, and not ridges and grooves, as the result of too long continued 
contact at any one place. A large and small size of each of the forms 
of the buffers used should be provided. A stiff converging bristle 
brush-wheel, in which the bristles have been worn or cut away one-half, 
will be more effective for buffing between the teeth. Striking the work 
against the moderately revolving brush will cause the bristles to reach 
the innermost spaces. As before stated, the glossing is done by using 
a rapidly revolving soft bristle brush-wheel and whiting wet with 
alcohol or water. Very good results can be obtained by rubbing the 
surface of the vulcanite in the hand with dry plaster of Paris. 

Cutting excess vulcanite from the proximal spaces between the teeth 
and finishing this portion of the denture, can best be accomplished by 
sharpening the shank of a large or medium size worn-out dental bur 
to a three-sided point and, while revolving rapidly in the dental engine, 
working it into these spaces. 

Grinding and Polishing the Teeth.—It will often be necessary to 
grind the exposed surfaces of the teeth, which should again be polished. 
The abraded surface should be well sandpapered. The paper is held 
against the ball of the thumb which will conform the paper to the 
surfaces of the teeth and greatly facilitate the removal of the facets 
formed by the grind-stone. It is then buffed with the felt wheel and 
pumice; or a specially prepared rubber wheel can be obtained for this 
work. 

Notching the Cervical End of the Teeth.—In some cases where there 
is gum restoration, it is desirable not to have the rubber overlap the 
cervical end of a tooth, and in these cases cruciform notches should be 
cut in the cervical end with a small knife-edged stone, into which the 
rubber will flow and harden and aid in supporting the tooth. 


DR. GEORGE B. SNOW’S METHOD.! 


The following table showing Dr. Snow’s experimental work followed 
by his explanation and conclusions are very instructive and give a 
scientific and logical reason for his Compensating Vulcanizer. (See 
Fig. 389 and method for using it.) 


1 Dental Cosmos, September, 1918. 
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EXpLANATIONS.—AIl weights in this table are in grams. All bulks 
in cubic centimeters. 

All samples were vulcanized at 75 pounds by the steam gauge, it 
being the same as 300° F., by the Mercury Bath Thermometer, or 320° 
actual temperature. 

Columns 3 and 7 show the weight and also the bulk of water equiva- 
lent to the respective samples; as a cubic centimeter of water weighs 
one gram. 

All the vulcanizing was done in the same brass mold, which was 
closed by bolts without springs, and had a gateway leading to an over- 
flow chamber, which received the rubber expelled from the mold as it 
was heated from 212° F., to the vulcanizing point. The capacity of 
mold at 70° F., 10.710 cc.; at 212°, 10.759 cc.; at 320° (75 pounds’ 
pressure), 10.796 ce. 

The discrepancies between columns | and 5 are due to the absorption 
of a small quantity of water by the rubber when vulcanizing; showing 
that vulcanite is slightly porous. The amount of water absorbed is 
about half a drop for a sheet of rubber. Rubber compound does not 
lose weight by vulcanizing.’ 

Column 11 denotes the weight of rubber expelled from the mold as 
the sample is heated from 212° to the vuleanizing point. Column 12 
shows the bulk of the same. 

In column 13, the shrinkage, shown in column 9, which is the differ- 
ence between columns 3 and 7, is added to the overflow, column 12, 
and shows the total amount of deficiency of vuleanite in the mold when 
the vulcanizing process was completed. Column 14 gives the percent- 
age of this deficiency. It will be noted that the deficiency is greater in 
the dark colored rubbers and less in the lighter colored ones, the light 
rubbers containing more foreign matter in their composition. 

Conciusions.—If the flask is bolted and gateways provided for the 
free escape of the rubber as it 1s heated, the deficiencies shown in 
columns 13 and 14 are inevitable, and the denture will always be 
defective. 

If spring pressure is applied to close the flask, and the rubber is con- 
fned so that none of it can escape unless the parts of the flask are. 
separated by its expansion, the deficiency will be less than that shown 
‘n columns 13 and 14; the amount depending upon the average thick- 
ness of rubber in the case. 

To produce the best results, spring pressure must be used to close 
the flask, the mold must contain an excess of from 3 to 5 per cent. of 
rubber when vulcanizing commences, and the flask must, therefore, 
not be entirely closed at this time. Its closing must be effected grad- 
ually by spring pressure and aiter the vulcanizing process has prog- 


1 More recent investigation, I believe, will show this discrepancy to be due to unequal 
compression in flask closing rather than porosity. 
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ressed far enough to cause a partial shrinkage of the rubber. For 
vulcanizers of the ordinary type this may be accomplished by two 
vulcanizations. 


INSTRUMENTS AND APPLIANCES USED IN VULCANITE WORK. 


Wax Spatulas.—The instruments shown in Figs. 370 and 371, are 
some very useful forms. The Evans’ numbers 2 and 3 and one of the 
others, will meet every requirement. 

Flasks.— There are a great many varieties of vulcanite flasks upon 
the market. They are made of iron and brass. Iron has the greater 
affinity for oxygen and sulphur in vulcanizing, consequently not so 
easily cleaned, but they are more rigid than the brass and not liable to 
be warped out of shape. The brass flasks are the more easily cleaned. 
Hach time they are used, they should be thoroughly cleaned with a 
stiff brush and Sapolio. 

The Star flask is one of the oldest forms, and being reversible, is prob- 
ably adapted to more cases than any other (F ig. 372). The Wilson 
flask is characterized by a very narrow rim upon the lower section, with 
a correspondingly wide rim in the upper section. It is designed to be 
used for full cases only and with the Donham spring clamp (Fig. 373). 
The Donham spring clamp is shown in Fig. 373. The Whitney flask 
is very much used. There are two sizes, the larger being five-sixteenths 
of an inch deeper than the smaller. F ig. 374 shows-the regular size 
with springs upon the bolts to aid in closing the flask. 

The box flask is designed for interdental splints and any extra large 
pieces of vulcanite. It is made in two sizes, one as large as can be 
used in a two-flask vuleanizer and the other for the three-flask vul- 
canizer (Fig. 375). 

The Edson flask is especially designed for the Edson vulcanizer, and 
may be used for both vulcanite and celluloid (Fig. 376). 

Volute-spring.—The volute-spring is a flat steel bar coiled in a spiral 
conical form and compressible in the direction of its axis. It will pro- 
duce approximately 100 pounds’ pressure with each 3 Inch closure, 
and occupies the space of one flask. The large end of the spring is 
placed against the flask so that the pressure of the spring is upon the 
periphery of the flask, thus properly distributing the pressure. Ordi- 
narily the spring should be closed 4 inch, which will place the rubber 
under approximately 200 pounds’ pressure; however, if the flask 
is not perfectly closed in the flask press an additional closure of the 
volute-spring should be made to equal the space the flask is to be closed. 
The spring acts not only as a follow-up spring but as a regulator for 
the expansion of thick masses of rubber that may be required in 
large restorations. 

The spring, properly placed, is shown in Fig. 373. 

Flask Presses.—The flask press is an indispensable appliance in a 
well-equipped laboratory (Figs. 377, 378 and 379), and yet probably 
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Fic. 371.—Wax spatulas: 


Dorance, 


Burchard, Gritman. 


Fic. 370.—Evans’ carving tools. 
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its improper use has caused more misfit vulcanite dentures than all 
other causes. When the principles involved in the flask press and its 
use are understood, there should be no trouble in handling it. All 
plasters expand and are compressible, some excessively so. French’s 


Fic. 373.—Donham clamp, Wilson flask 
: and volute-spring. 
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Fig. 372.—Star flask. Fie. 374.—Whitney flask. 


regular dental plaster is the best and most commonly used by the 
profession, so these statements are in connection with this plaster. 
A molar tooth 4 inch in diameter under 1000 pounds’ pressure would 
be driven into well set plaster 3!5 inch. Rubber when cold is very 


tenacious and will resist a very heavy pressure for a short time, but 
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will gradually yield. Plaster compresses to its full extent in a very 
few seconds. It is easy to comprehend that if an excess of rubber is 
placed over the teeth upon one side, and heavy pressure is applied, 
that the teeth will be driven into the plaster encasement and conse- 
quently the teeth upon that side of the denture will be too long. It 
can also be comprehended that if the cast is formed of regular plaster, 
and excessive rubber and pressure be applied to the vault of the cast, 
that it will be pressed upward and the plate warped. 


Fic. 376.—Edson flask. 


We shall now consider the power of the press. The screw is a com- 
bination of the lever and wedge, and its power is calculated by multi- 
plying the circumference described by the lever by the pitch of the 
screw. The Buffalo Dental Manufacturing Co. No. 2 press, Fig. 378, 
has a- handle 8 inches long, hence describes a circumference of 25 
plus inches. There are ten threads to the inch, hence a pitch of zo 
inch. An allowance must be made for friction in the screw, but one 
fifth will be very liberal, when we shall have for every pound of force 
applied at the end of the handle, 200 pounds’ pressure under the screw 


a tie 
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Fig. 378.—Buffalo No. 2 press. Fic. 379,—Dr. E. Wilson’s press. 
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or 1 ton for every 10 pounds of force. If the force is applied as the 
hand ordinarily grasps the handle, it will produce one-half as much 
pressure, or 1 ton for every 20 pounds of force. It is now easily under- 
stood why plates are warped, and these heavy malleable iron presses 
are sometimes broken. The student should now return to the Double 
Vulcanization Process, and read again how to use the press. 

The volute-spring, in the press of the Cleveland Dental Manufactur- 
ing Co., helps to overcome the danger of the rigid press. ‘The spring 
supplies a follow up pressure upon the flowing rubber (Fig. Ora). 
This press is so compact that it and the flask being compressed may 
be placed in the stew-pan of boiling water. The flask should always 
be placed, in any press, with the cast side down so as to be supported 
by the broad flat base of the press. Many unnecessary accidents have 
occurred by placing the cast side next to the screw. 


Fic. 380.—Sargent’s electric oven. 


Flask, Wax, Rubber Warming Oven.—Fig. 380 shows a convenient 
arrangement for the purpose. It is a low heat electric oven put upon 
the market by E. H. Sargent & Co., Chicago, Ill. It can be regulated 
and set for any temperature up to its maximum (400° F.). With the 
heat regulated to 220° F., it is especially convenient for warming the 
flask, for removing the wax and for packing the rubber. At the indi- 
cated temperature there is almost no danger of overheating. The 
thermometer is inserted in the middle opening of the top of oven. 
However, an Interval Timer should be used in connection with the 
oven, thus relieving the mind of the operator. 

Vulcanizers.—There are in use at the present time many forms of 
vuleanizers. It would be unnecessary to enumerate them all. These 
descriptions will, therefore, be confined to some of the best and sim- 
plest examples of the somewhat extensive list. 

The Furnas Vulcanizer.—This vulcanizer is manufactured by the 
Cleveland Dental Manufacturing Company. It is somewhat different 
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Furnas vuleanizer. 


Fie. 381.—Furnas vulcanizer. A, steam gauge; B, safety valve; C, blow-off valve; 
D, water connections for circulating cold water through jacket; Z, thermostat regulator; 
F, drain valve for draining water from the boiler after vulcanization; G and H valves for 
gas burner and pilot light; Z, permanent metal connection from the gas regulator to the 
burner; J, hose connection to the time attachment or gas supply. 


28 


434 VULCANIZED RUBBER AS A BASE 


in type, yet similar in principle. The flask rests on a tray over the 
water, making it impossible to vulcanize in other than an atmosphere 
of steam. The pot is half surrounded by a water jacket which acts as 
an insulator during vulcanization and into which cold water may be 
turned after vulcanization to aid in cooling. This method of cooling 
will not permit the temperature to be reduced sufficiently rapidly to 
cause warping or “graining”’ of the vulcanite. 

The regulator may be set at any pressure from 2 to 85 pounds. The 
lower pressure may be used when the operator wishes to use the 
vuleanizer as an “autoclave sterilizer.’ No bolts or wrenches are 
required in operation (Fig. 381). 

Electric Vulcanizer.—The Lewis automatic electric vulcanizer com- 
prises the Lewis cross-bar vulcanizer fitted with an electric heating 
apparatus, an electric heat controller and a time cut-off. The electric 
heater consists of two sections; a jacket unit for holding the vulcanizer, 
and a base for holding the electrical apparatus, time clock and cut-off 
mechanism. The base holds the clock with automatic time cut-off 
which operates a switch (Fig. 382). 

Mounted on the vulcanizer cap is a siphon to which is attached the 
heat controller. This piece of mechanism alternately makes and 
breaks the contact for controlling the flow of electric current, and is 
operated by steam pressure generated in the vulcanizer. On top of 
the controller is a regulating knob with 300 and 320 stamped on its 
base. These figures represent the degrees of heat which can be 
obtained by rotating the knob. The clock with time cut-off is mounted 
on the base by means of parallel rods and is automatically locked in 
position at the desired time by a catch located at the back of the clock, 
and pushing into position insures contact with the knock-off pin. 
This pin when forced inward by the clock makes contact and immedi- 
ately closes the switch, permitting the current to flow to the heating 
elements. The electric controller will hold the temperature at the 
desired point for the entire period of vulcanization with only the slight 
variation in temperature occasioned by the making and breaking of the 
contact; a variation too slight to be noticeable on the thermometer. ; 

Edson.—This is an older form of screw-cap vulcanizer. It has a 
screw press within the boiler, and is suitable for both rubber and cel- 
luloid. It is not as easy to handle as the cross-bar variety (Fig. 383). 

The Lewis Cross-bar Vulcanizer (Fig. 384) is modern in its essential 
parts, and embodies many valuable improvements, and is one of the 
strong, safe, and convenient vulcanizers of the cross-bar pattern. 

The boiler is hand-made from copper, rolled expressly for this form 
of vuleanizer, and is of unusual thickness. The cap is ribbed on the 
under side to resist any strain which may be put upon it. This cap has 
but two holes drilled in it, one for the mercury bath, to which the ther- 
mometer is attached; the other for the “manifold,” which carries the 
safety-valve, blow-off, gas-regulator, or steam-gage (Fig. 385). The 
ring surrounding the boiler is of cast steel, and is therefore of ample 
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strength. Beside the lugs for taking the strain off the cross-bar and 
bolt, it has a dovetailed projection for the insertion of a lifting handle 
(Fig. 386). 

It will be observed that when the cross-bar and cap are removed, 
there are no swinging bolts or attachments to the pot. 


Fig. 382.—Electrie vulcanizer. Fic. 383.—Edson vulcanizer. 


The cross-bar is of an improved form, and is made of cast steel. One 
end is at right angles to the main bar, and terminates in projections 
which catch under the lugs on the ring. Over the projections is a small 
rib which prevents the bar from dropping out of position. The other 
end of the cross-bar has an enlarged portion for the reception of the 
bolt, and is terminated by a handle. 

The vuleanizer is closed by one bolt suspended in a slot on the hand- 
end of the cross-bar. The bolt is squared to prevent rotation, and is 
surrounded by a spring for the purpose of disengaging it from the lugs 
when the nut is loosened, and for always retaining the bolt perpen- 
dicularly and forcing it in place automatically. 

The vulcanizer is opened by loosening the nut on the bolt by means 
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Fig. 386.—Pot-lifter. Fig. 387.—Cross-bar wrench. 
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of the wrench furnished for the purpose (Fig. 387). The bolt will be 
forced downward through the action of the spring. The handle of the 
cross-bar is then seized, and with the thumb against the nut it is pressed 
until the bottom of the bolt is disengaged from the lugs, when the bar 


may be lifted (Fig. 388). 


Fia. 388.—Removing Lewis cross-bar from pot. 


The Snow Compensating Vulcanizer (Hig. 389) is an improvement 
upon the Edson in that the cap is bolted on in place of being screwed 
on; also the stirrup for clamping the flasks to the cap has springs cap- 
able of exerting 800 pounds’ pressure. The coiled springs are placed 
in the heads of the yoke, therefore, are removed from the steam and 
water of the vulcanizer, thus preventing the rapid destruction of the 
springs which necessarily takes place when inclosed in the vulcanizer. 
The springs are indexed from 100 to 800 pounds, as shown in Fig. 389. 
The springs permit the flask to be nearly closed, when the pressure 
may be removed and the rubber permitted to expand without flowing 
from the mold. As shrinkage begins with the chemical union of the 
rubber and sulphur (250° F.), and as the compound gradually toughens, 
its flowing property gradually decreases; therefore, the author believes 
that the temperature, as indicated by the thermometer and gas regu- 
lator, should not exceed 270° F., or 40 pounds steam pressure, when the 
final spring pressure of approximately 500 pounds is applied. 

The Interval Timer (Fig. 392) is especially useful in heating up the 
vuleanizer. 

The method of vulcanization used by the author at the present time 
is to warm the flask in the Sargent warming oven (Fig. 380) for remov- 
ing the wax, and if necessary dash with boiling water containing sal 
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soda. The mold is provided with excess space, but no gateways. The 
case is dried and warmed in the oven, packed and nearly closed in the 
flask press, or this closing may be done in the press of the vuleanizer, 
the vulcanizer closed and the spring pressure removed, the gas regulator 
(Snow’s) is set at 270° F., and the Interval Timer set for one-half hour. 
When the alarm sounds 500 pounds spring pressure is applied, the 
gas regulator is then set at 290° F., and the Interval Timer for twenty- 
five minutes. At the sounding of the alarm the gas regulator is set 
at 300° F., if the vulcanizer clock was set for three hours, or at 320° F., 
if the vulcanizer clock was set for two 
hours. Thus one hour will be con- 
sumed in bringing the vuleanizer up 
to the high temperature, which under 
the spring control will produce a high 
grade vulcanization. 

The vulcanite must be kept under 
: spring pressure until molecular set is 
qi obtained, that is, until the vulcanite is 
stone cold. 


INSTRUCTIONS FOR THE USE OF 
THE TIME REGULATOR. 


“The gas regulator (Fig. 390) is se- 
cured to the cap by means of the short 
iron pipe or coil. This is screwed into 
a hole drilled through the cap of the 
vuleanizer, and tapped with a ‘one- 
eighth gas-pipe tap.’ If the vulcanizer 
has a ‘Lewis manifold’ attached to the 
cap of the vulcanizer, remove the screw 
between the blow-off and safety-valve 
and screw the coil-pipe in its place. 
After the gas regulator has been | 

Fic. 389.—Snow’s compensating properly fitted, place the vulca ee 

vulcanizer. in the jacket and in the position in 
which it is to be used. Connections 
between the time regulator, gas regulator, and gas burner are made 
by means of rubber tubing. The engraving (Fig. 391) illustrates the 
correct method of connecting gas and time regulators to vulcanizers. 
Cut a piece of tubing of sufficient length to reach from the gas- 
supply tap to the time regulator, and connect them; cut off another 
piece to reach from the time regulator to the gas regulator, and attach 
to the gas regulator by the upright or straight nipple on top of the 
No. 4 Lewis gas regulator; then connect the downward curved tube 
of the gas regulator to the gas burner under the vulcanizer with 
another piece of rubber tubing. 


INSTRUCTIONS FOR USE OF TIME REGULATOR — 4389 


“The time regulator is more convenient when placed on a bracket 
near the gas-supply pipe. It is then out of the way, and not likely to be 
broken from contact with tools, and can also be used as a timepiece. - 


a | 


b a 


Fic. 390.—Gas regulator. 


“To Set the Time Regulator—When the valve lever on top of the 
time regulator (Fig. 391) is engaged with the screw upon the minute 
arbor on the back of the clock, the valve is held open for a length of time 
depending upon whether the lever is engaged with the first, second, or 
third thread of the screw; and the lever will be cast off, and the valve 
closed when the minute-hand reaches the figure XII. When the min- 
ute-hand is at [X the lever will be cast off at the end of fifteen minutes, 
if it is engaged with the first thread of the screw from the end; an hour 
and a quarter, if engaged with the second thread, and so on. A trial 
should be made, and the time. ascertained which is necessary for heat- 
ing the vulcanizer to the vulcanizing point, and this time should be 
added to the proposed time for vulcanizing. We have, therefore, the 
following: 

“RuLE.—Turn the minute-hand to as many minutes before the hour 
as the number of odd minutes desired; then put the end of the lever in 
the threads of the screw upon the minute arbor at the back of the clock. 
The first thread from the end gives the odd minutes to which the clock 
is set; the neat and each succeeding thread gives a full hour. For 
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example: For an hour and twenty minutes, set the minute-hand at the 
figure VIII, and engage the lever in the second thread from the end of 
the screw. At the end of that time the lever will disengage and auto- 
matically shut off the gas from the vuleanizer. If this were to be an 
hour longer—z. e., two hours and twenty minutes—the lever should 
be placed on the third thread of the screw. For three hours, set the 
minute hand at XII and the lever in the third thread of the screw. 
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Fic. 391.—No. 4 graduated gas regulator, mounted on a Lewis cross-bar vulecanizer. 


“Those who use vuleanizers should be thoroughly informed as to the 
nature and properties of steam. ‘The fact should be borne in mind 
that'a vulcanizer is subject to the same laws and conditions as a steam 
boiler, which it is in fact, and, although it is comparatively safe and 
easily operated, it may, by carelessness or ignorance in its management, 
become exceedingly dangerous. 

“The following table of steam-pressure will be found convenient for 
reference, as it has been corrected so that it shows the true temperature 
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for any pressure indicated by the steam-gauge. Fractions are omitted 
and the nearest whole number is used instead. The French table gener- 
ally used shows 14.7 pounds pressure at 212°, whereas the steam-gauge 
at that temperature will indicate 0, unless by the expansion of heated 
air confined in the vulcanizer. The gauge is therefore just one'atmos- 
phere lower than French table: 


Table of the Elastic Force of Steam! (corrected to correspond with 
the steam-gauge). 


Degrees of temperature, Elastic force in lbs. Degrees of temperature, Elastic force in lbs. 

Fahrenheit. per square inch. Fahrenheit. per square inch, 
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“It will be noticed that as the temperature rises the pressure of steam. 
increases in a constantly increasing ratio for equal increments of heat, 
the pressure being nearly doubled by the addition of fifty degrees to 
the temperature. This fact will show the necessity of care and watch- 
fulness while vulcanizing. 

“The bulb of the thermometer is set in a mercury bath. This is the 
small cup, forming a part of the vulcanizer cap, to which the thermom- 
eter case is screwed. This cup should contain sufficient mercury to 
ensure its touching the bulb of the tube when the thermometer case is 
screwed down properly. This makes a metallic connection between the 
thermometer bulb and the vulcanizer cap, and is absolutely necessary 
for the proper indication of heat by the thermometer. 

“Should the mercury column separate, it can usually be reunited by 
removing the tube from the thermometer case, holding it perpendicu- 
larly, and striking the bulb with some force upon the palm of the hand, 
or by holding the tube by the bulb and giving it a sudden flirt. If the 
vulcanizer is used with the thermometer in this condition, it should be 
remembered that it is the whole column that denotes the heat, and allow- 
ance should be made for the broken part; 7. e., if there is enough mer- 
cury separated to fill the space of 10°, the remainder of the column 
should only rise to 10° less than the temperature desired. 


! General instructions for operating dental vulcanizers, Buffalo Dental Manf’g. Co., 
July, 1898. 
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“Directions for inserting a new tube in the thermometer case will 
generally be found on the package containing the tube and scale. 

“Thermometers are accurately marked, by test instruments, at the 
212° and 320° points, and the scales are especially graduated for each 
tube, as the positions of the points above named vary in different tubes. 
Each tube must, therefore, be used with its own scale, and in fitting it to 
the case, care should be taken that the black mark on the tube indicat- 
ing the 320° point is brought exactly opposite to the 320° point on the 
scale. 


Fria. 392.—Interval timer. 


“The thermometer does not always give a correct indication of the 
heat of the vulcanizer. It only gives the temperature of the vulcanizer 
top, which may not be that of the flask. In fact, the indications of the 
thermometers employed on vulcanizers are almost invariably too low, 
owing to imperfect conduction of heat, radiation, etc.; and the vulcan- 
ization temperature, instead of being 320°, as indicated, 1s more usually 
330° to 340°.” 

The plan of providing a mercury bath for the reception of the bulb 
is a great improvement over the old way, and prevents the fracture of 
the bulb by the great pressure of the steam, which was of such frequent 
occurrence when the thermometer was in direct contact with the latter. 

Damage to the glass bulb of the thermometer is manifested by arise 
in the mercury, which cannot be brought down to the usual vuleanizing 
point by turning off the flame of the burner; consequently the ther- 
mometer ceases to correctly indicate the degree of heat, and imperfect 
vulcanization is the result. Leakage of steam around the packing of 
the vulcanizer should also be guarded against, as in such cases all of the 
water may escape from the apparatus before the vulcanizing is com- 
plete. Loss of all of the water in the vulcanizer may be detected by — 
a persistent fall of the mercury, even when the gas flame is greatly 
increased, and when this phenomenon is observed, the gas should be 
turned off, the vulcanizer allowed to cool, and new packing adjusted. 
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394.—Vulcanite files. 


Fic. 


Fig. 393.—Flask-tongs. 
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Fig. 395.—Spaulding 


trimmer. 


VULCANIZED RUBBER AS A BASE 


Failure to strictly observe this rule has undoubtedly 
resulted in many serious accidents. An example of 
this kind occurred some years since in the laboratory 
of the Dental Department of the University of Penn- 
sylvania. A student was endeavoring to vulcanize 
with an apparatus which leaked at the packing: 
noticing that the mercury persisted in falling, he 
continued to increase the gas flame until the lower part 
of the vulcanizer was probably red hot. While he 
stood before it, holding a lighted match to the tube 
to enable him to see the column of mercury, the vul- 
canizet exploded with terrific force, sending the top 
through the ceiling and pieces of the boiler in every 
direction. It is quite likely that in this particular 
case the steam was partly decomposed by contact 
with the hot metal, producing a highly explosive 
combination of oxygen and hydrogen: no other theory 
would seem to account for the great force of the 
explosion. | 3 


Fia. 396.—Wilson set. 
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Vulcanizing.—The flask or flasks are placed in the vuleanizer with 
3 to 5 ounces of'clean water. The packing should be without a break 
in its continuity, otherwise the steam will escape; the joint between 
the pot and cover must be protected from adhesion by slightly coating 
it with black lead or soap-stone. The cover is then put on, but the 
valve is not closed until the heated air which precedes the generation 
of steam has escaped; the valve is then closed. A close watch must be 
kept on the thermometer or gauge until the vulcanizing point is reached 
unless a time regulator is used. 


Fia. 397.—Ivory scrapers. 


Interval Timer.—lig. 392 shows a very useful in- 
strument for the dental laboratory. It is made by 
the Eastman Company of Rochester, N. Y., and used 
with the various radiographic machines. 

The Timer may be set for any interval from a 
quarter of a minute up to two hours. It does not 
start until the starting lever is set and stops with the 

ringing of the alarm. It is well made and reliable. 

Flask-tongs.—F ig. 393 shows a useful form of flask- 
tongs for lifting flasks from the vulcanizer. They - 

are made of sufficient length to reach the bottom 
of a three-case vulcanizer, and will securely grip the 
flask. . 
Files.—Fig. 394 illustrates some excellent forms of vulcanite files. 
Scrapers.—There are a great variety of scrapers and chisels from 
which each operator may select such as seem best adapted to his hand. 
The writer’s preferences are the ones here illustrated. (Figs. 395 to 
398.) 


OCCASIONAL AND SPECIAL METHODS. 


Gum Section TeethThere are two varieties of teeth used for the 
vulcanite base. ‘They are known as plain and gum section teeth. The 
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plain teeth are single and have no porcelain gum, but may have a repro- 
duction of the neck portion of the root of the tooth. The gum sections 
may be single teeth with a porcelain gum, but usually they are in the 


Fic. 398.—Kingsley scrapers. 


Wii! form of blocks, each containing two or three teeth. 

\\\, There are various combinations of the teeth in the blocks 
iH lili designed to meet special cases. The plain teeth are used 
MVM Only for the double and single vulcanization methods as 
MMVit, previously described, but either plain or section teeth 
| may be used for the single vulcanization sub-method. The 


Ni) gum. section teeth require much grinding to adapt them to 
Ww «the wax or hard gum base-plate. The joints between the 
Hl, blocks must be ground to fit squarely against each other 
and not with a V-shaped space. ‘The case should be flasked 
at the periphery of the wax. Much care should be used in 
packing and closing the flask. Do not use too great pres- 
sure, as there is danger of checking the porcelain gum and 
of opening the joints. 

Advantages and Disadvantages of Section Teeth—Where 
the gum portion must be restored and there is extreme 
mobility of the lip, the porcelain gum will appear to better 
advantage than the vulcanite gum restoration. In partial 
cases, blocks of one to four teeth can sometimes be used to 
very great advantage. 

The disadvantages are: (1) the forms of the sections 
preclude the possibility of the individualizing of the teeth 
by the dentist, they always have a stiff, unnatural appearance; and 
(2) there is a space between the porcelain and vulcanite for the 
accumulation of filth. This last objection does not apply to most — 
of the partial cases requiring gum section teeth, because in these 
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cases the gum portion is not backed up with vulcanite. Some years 
ago the gum section teeth were in almost universal use, but today 
there are sections of the country in which sets of fourteen gum section 
teeth are rarely used.! 

Plain Teeth Without Gum Restoration.—In many cases of recent extrac- 
tion, and in a few cases where the gum is sufficiently full after resorp- 
tion has taken place, no restoration of the gum is required. In these 
cases the plaster of the cast is scraped away ; inch for the insertion 
of the cervical end of the teeth. Without this precaution the teeth 
in the finished denture would not set closely nor appear to grow from 
the gum. | 

Black Rubber Single Vulcanization Method.—Some people fear the 
effect of the coloring matter in red rubber, so that it may be desir- 
able to construct the denture of black rubber, when it becomes very 
necessary that the black rubber should not show upon the labial and 
buccal surfaces. The two rubbers can be packed in the usual way or by 
this very ingenious method.? 

Dr Slabaugh’s Method.—“After separating the flask and_ boiling 
out the wax, I coat the cast with silex and then lay on my black or red 
rubber loosely over the cast. I then take a piece of the cloth that comes 
on the sheets of rubber and lay it over the rubber that is on the cast, and 
place the two parts of the flask together and set them in boiling water 
for a few minutes, after which I place the flask in a press and force it 
together, care being taken to have the flask entirely together. The 
flask is entirely filled with the rubber. I now separate the flask and 
the rubber will adhere to the cast. Remove the cloth that has been 
put on and you will have perfect imprints of the teeth and pins in the 
rubber that have been made through the cloth. I then place a narrow 
strip of pink rubber on the black or red over the imprints of the teeth 
and up to about 35 inch of the imprint of the pins. Place the two 
parts of the flask together and force them down and it is ready for the 
vulcanizer. Cut waste gates only in the rear so that when the flask 
is closed the second time with the little piece of pink rubber added to it, 
the slight displacement of black or red rubber will be entirely toward 
the rear.” 

Waxable Rubber.—A few years ago this material was placed before 
the profession by John Hood & Co., Boston. Its physical properties 
are very much like those of sheet gutta-percha. It is not a patented 
article. The claims for the material and the method of construction 
are given as follows: “An entirely new process with a material far supe- 
rior to rubber—much lighter and one that will not become slimy in the 
mouth. ‘To use, hold a sheet over the burner the same as a sheet of 
wax and make a trial plate; build out with rubber to the desired:fulness 
and put the teeth in place with a spatula, by keeping the rubber soft and 
heating the tooth. Use the rubber just as you do wax, and smooth it 


1 The writer has put up but one set of gum section teeth in thirty years. 
2 Dr. Frank W. Slabaugh of Omaha, Neb. 
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before adding pink rubber. After it is cool, add the pink rubber by first 
removing the teeth without heating, leaving the impression of the teeth 
intherubber. Cuta strip of pink rubber wide enough to reach the ridge 
and cover the indentations of the teeth, just above the pin holes, and 
to reach from heel to heel. Soften the rubber slightly and heat the 
tooth and replace it, carrying the pink rubber under the neck of the 
tooth. In this manner you can make a natural festoon as full as is 
desired. Care should be taken not to make any finger-nail marks or to 
mar the pink rubber. After the teeth have been tried in, before placing 
on the cast, paint the cast with the solution and heat the plate, pressing 
it in place with the fingers. Smooth the red rubber by the use of chlo- 
roform on a cloth. Moisten the cast and drive the air from it. Fill the 
flask with plaster and press in cast, shaking the flask well to prevent 
bubbles. Vulcanize, taking twenty-five minutes to run up, and then 
hold it one hour at 315° F.” 

Thick Vulcanite—Thick masses of rubber may be vulcanized by 
gradually increasing the heat from 280° to 300° F. Another method 
is to fill the mold with vulcanite, having the rubber packed about it; 
or the mold may be largely filled with pink rubber. 


REMOVING THE TEETH FROM A VULCANITE DENTURE. 


Sheet Iron Method.—Place the denture, teeth downward, upon the 
sheet iron over a gas stove, and when the vulcanite is thoroughly 
softened, the teeth may be pushed off one at a time by inserting the wax 
spatula between the tooth and the vulcanite upon the lingual side. The 
plate is held by a pair of pliers and the dislodged teeth are permitted to 
fall upon wood, or better, upon cloth, but not upon cold iron or stone. 
Any portion of the vuleanite remaining about the pins should be 
removed. If necessary, these small portions of vulcanite may be 
softened by grasping the tooth in a pair of solder tweezers and holding 
in the Bunsen flame. 

Glycerin Method.—The denture is placed in a_ vessel of glycerin 
and heated to the boiling-point of the liquid, when the teeth can be 
removed as in the other method. The glycerin is soluble in water and 
easily removed. The fumes of the heated glycerin are more objec- 
tionable to some than those of the overheated rubber. 

Flame Method.—The denture is grasped with a pair of pliers and 
the outer surface of the teeth heated by passing repeatedly through the 
flame until the vuleanite is softened about the pins, when they are 
removed as before described. 

It is not advisable to remove the teeth by heat from a denture which 
is to be used again, because of the liability of warping the plate. The 
vuleanite should be cut from about the pins of the tooth with a bur in 
the engine or with a chisel. 

Partial Cases.—It frequently occurs in constructing partial artificial 
dentures for the replacement of single incisors or canines that the ordi- 
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nary vulcanite teeth are too thick to admit of their being arranged to 
conform to the line of the natural teeth without interfering with the 
normal occlusion. In such cases a plate tooth may be used, and is 
attached by means of gold backings, bent at an angle with the base of 
the tooth, of sufficient length to allow of the projecting portion to be 
imbedded in the rubber plate. The extension of the gold backing has 
two or more holes punched and countersunk in it, so as to be held 
firmly by the vulcanized rubber. 

Gold Clasps.—Gold clasps, when used in combination with rubber, 
are attached in the same way. The clasp, after being accurately 
fitted to the plaster tooth, is provided with a piece of gold plate soldered 
at a point next to the rubber plate. This attachment should be 
slightly raised from the cast, so that it will be entirely enveloped by the 
_ rubber. 

There is some danger of these clasps: being forced slightly from their 
correct position by the pressure of the rubber in packing. This 
difficulty may be entirely overcome by soldering a temporary support 
of scrap gold to the clasp and bending it over the plaster tooth. 
Usually this device will be found effective in retaining the clasp in 
contact with the tooth. After vulcanizing, the supporting piece 
of gold may be sawed off with a jeweler’s saw. In packing a case 
arranged with gold clasps, a thin sheet of rubber should be worked 
under the gold attachment to further protect the latter from displace- 
ment. It will, of course, be understood that the clasps are to remain in 
position during the packing; therefore, in flasking such cases the plaster 
should be made to cover the portion of the clasp not actually in con- 
tact with the rubber; this affords additional support to the clasp during 
the pressure accompanying the closing of the flask in packing, and will 
keep it in correct relation to the plaster tooth. . 

Partial Lower Vulcanite Dentures.—Gold is used in combination 
with that class of partial lower dentures designed to replace the bicus- 
pids and molars and when the natural incisors and canines remain. For 
the purpose of strengthening the piece and to lessen its bulk in front, a 
plate of gold is sometimes swaged to fit the cast back of the front teeth, 
and where the ridge is not well defined and not favorable to the reten- 
tion of the piece without some form of attachments, gold clasps are 
soldered. The gold plate is allowed to extend somewhat beyond the 
canine teeth; the ends are perforated by the punching forceps, to 
ensure strong union with the rubber. This plate is then put upon 
the cast and secured in place by means of wax; the teeth are arranged 
in position, waxed up, and vulcanized in the usual way. The den- 
ture when finished presents to view a plate with the anterior part 
of gold, while the two parts holding the teeth and resting upon the 
ridge on each side are of vulcanite. The purpose of such a combination 
is to save labor and material, but a denture so constructed, while better 
in point of durability and because of the absence of bulkiness where it 
passes around back of the incisors and canines than vulcanite alone, is 

29 
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still far inferior to one constructed entirely of gold, for while such a den- 
ture is doubtless stronger than one of vulcanite alone, it is not so durable 
as one made exclusively of gold, on account of the liability of the piece 
to break at the points where the gold is embedded in the vulcanite. 
Dentures of the class above referred to should always be made entirely 
of metal, and the expenditure of money and labor is but little greater 
than in the combination plan, while the general result is in every way 
more satisfactory. | 

Dr. P. T. Dashwood uses in place of the swaged plate above sug- 
gested for the anterior portion of lower partial dentures, an iridio- 
platinum wire, gauge 14, which is bent with round-nosed pliers to con- 
form to the lingual alveolar surface. The ends are flattened upon an 
anvil and cross pieces of platinous gold are soldered to them for the 
attachment of the vulcanite. He makes the just claims that the wire 
is “stronger than vulcanite, is much more comfortable to the patient, 
and is more hygienic.”’ | 

Natural Teeth upon Vulcanite Base——Where the anterior natural 
teeth have become so loosened by the ravages of pyorrhea alveolaris, by 
excessive resorption of the gums and sockets or of the roots of the teeth, 
so that their complete loss is a matter of a very short period of time, a 
plaster impression may be taken of the mouth before the removal of 
the loose teeth. | 

In constructing partial dentures for cases where the natural organs 
are prematurely lost, it is much the better practice to reset the natural 
teeth, provided, as is often the case, they are of dense structure and 
have not previously been attacked by caries. This is done by making 
a plate in the usual way, and in the spaces to be occupied by the natural 
teeth, vulcanizing a strong platinous gold wire, being careful to place 
the gold pin in the center of the space. The wire must have an attach- 
ment soldered to it, so that its connection with the rubber will be secure. 
The wire may be arranged with a simple piece of scrap gold soldered 
to the end to be embedded in the rubber, or it may be provided with 
a perforated extension, by which union with the rubber may be secured 
and great bulkiness avoided. The rubber portion of the denture 
finished, it only remains to remove the infirm natural organs and attach 
them to the plate made ready for their reception. This is done by 
sawing off the roots, enlarging the pulp-canal with a suitable engine 
drill, fitting the neck of the tooth to the plate, and into the socket, 
and then attaching the tooth to the pin and plate by means of zinc- 
phosphate cement, being careful to dry the parts thoroughly before 
the cement is applied. This method of resetting natural teeth is 
more conveniently done on gold plates than on those of rubber, but 
it is applicable to both. It possesses the following advantages: 
(1) The teeth are the patient’s natural teeth, and this fact very greatly 
lessens the repugnance which many individuals of exalted sensi- 
bility feel to artificial teeth. (2) It saves the individual from being 
seen without teeth—a matter of the greatest importance to many 


COMBINATION METAL AND VULCANITE DENTURES 451 


patients. (8) Artificial appearance is avoided, for they are the natural 
teeth of the patient, and nothing more need be said on the score of 
natural effect. ‘The question is often asked, Do teeth reset in this 
manner suffer from dental caries? It has been observed that such 
teeth are not more liable to decay after their attachment to a plate 
than they were before removal from their sockets. 

If the infirm natural teeth are of poor quality and have large fillings 
in them, it is better to use porcelain teeth, and the dentures can be 
entirely finished ready for insertion before the natural teeth need be 
extracted. Care should be observed to allow the necks of the artificial 
teeth to extend well into the sockets of the extracted organs, to antici- 
pate resorption of the parts which to some extent is sure to occur at such 
points. 

Combination Dentures.—Under this heading are included metal 
plates with vulcanite attachments, vulcanite plates with metal linings, 
vulcanite dentures strengthened with perforated metal plates, etc. 
Excellent results may be obtained by attaching the teeth to metallic 
plates by means of vulcanized rubber. A denture so constructed will be 
found to possess greater strength than one of vulcanite alone, while’ it 
will have the additional advantage of being free from interstices, which 
favor the lodgment of decomposable débris. In other words, the com- 
bination of metal plate with vulcanite attachment thoroughly meets the 
objections raised against either method alone. 

Either gold, silver, platinum, aluminum, palladium silver, or any of 
their alloys usually employed in prosthetic dentistry, may be used in the 
construction of one of these combination dentures; preference, how- 
ever, should be given to gold or palladium silver as a base. Platinum 
unalloyed is not well adapted for the purpose, on account of its great 
ductility and weight, but when alloyed with a small percentage of iri- 
dium its rigidity is so much increased that a plate of No. 29 thickness 
will be found to be quite as strong as a much thicker plate of 18-carat 
gold. 

Either ordinary silver plate of standard! fineness may be used with 
rubber attachment, or silver alloyed with platinum, the latter having 
greater tensile strength than the former. It must be remembered, how- 
ever, that silver has a powerful affinity for sulphur, the indurating agent 
in vuleanite, and that the presence of platinum as an alloy does not 
entirely protect the silver from the action of the sulphur. It is, there- 
fore, necessary, where a silver plate is used, to interpose a layer of No. 
60 tin-foil between the rubber and the plate; this precaution, however, 
is not necessary where celluloid is used. 

In silver dentures with vulcanite attachments the anchorages must 
invariably be made of platinum or gold wire. After the plaster wall is 
made and the wax removed from around the teeth, the exact positions 
of the anchorages are marked upon the plate with a sharp steel point to 


1 Coin, 
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the number of eight or ten. The plate is then laid on a charcoal sup- 
port and pieces of silver solder are fused at the points indicated. The 
wire is then cut into proper lengths, screwed in a vise, and one end of 
each flattened by means of a rivetting hammer into the form of a head; 
each pin is then taken up separately, the headed end dipped in borax, 
and placed on the plate at a point where a piece of solder has been fused. 
The borax will assist in retaining the piece of wire until the flame of the 
blowpipe is directed upon.-it to remelt the solder and unite the pin to 
the plate. The wire anchorages are not to be bent into hook form, as 
shown in Fig. 401, until after the tin-foil protection has been adjusted. 
The pins are forced through the tin-foil and pressed with a rubber point 
and burnished closely to the plate. The holes made by the passage of 
the pins through the tin-foil, if care is used, will not be large enough to 
allow the rubber to reach the silver to any great extent. After the tin 

is in place the pins may be bent with pliers, as shown in Fig. 401. 

Another method is by directly tinning the surface to be covered by 
the rubber. The silver is cleansed and covered with a saturated solu- 
tion of zine chloride. The tin-foil is pressed carefully against the silver 
and the plate is held above a Bunsen flame until the tin fuses. Its 
flowing is to be directed by means of a camel’s-hair pencil which has 
been dipped in the zinc solution. 

Vulcanite in Combination with Plates of Fusible Alloy.—For the mode 
operandi of the preparation of plates of fusible alloys, the reader is 
referred to Chapter XIII. The Reese or Weston fusible alloys can 
be cast very thin, and yet are sufficiently rigid to withstand the force 
of mastication. These alloys retain their color and make an admirable 
combination plate. Having finished the plates as shown above, the 
edges and raised rims are trimmed to the desired dimensions. A roll 
of softened modeling compound or wax is pressed around the gums 
over the alveolar ridges, and trimmed with a knife to the supposed 
height of the teeth. The plates are then tried in the mouth, and the 
wax trimmed from all sides until perfect occlusion and contour are 
obtained. The median line is marked on the modeling compound or 
wax, as the case may be, and the cutting edges marked in several 
places to serve as guides in restoring the upper and lower waxes to their 
correct relation with each other should they become separated. The 
articulating models are prepared in the usual way—pouring plaster 
into the lower plate, first allowing it to extend back sufficiently to 
receive the upper half, which is to be poured next.. The modeling 
compound or wax is then to be removed and the teeth arranged and 
waxed up and vulcanized. The attachment of the vulcanite to the 
plate may be secured by freely nicking the ridge to which the teeth are 
to be fastened by means of ‘a sharp-pointed graver, but without this 
the undercut of the rims and buttons will be ample to hold the vulcanite 
securely to the metal. 

Aluminum, though not affected by sulphur, is not as well suited for 
vulcanite attachments as the other metals named, on account of the 
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want of reliable aluminum solder with which to fasten the loops or pins 
thoroughly; but by special treatment, which will be described in 
connection with the manner of preparing aluminum plates, a compara- 
tively durable denture can be made of that metal with vulecanite. 
Recently casting methods have been so improved as to make the use 
of cast aluminum with a vulcanite attachment a thoroughly satisfactory 
procedure. ! 

In constructing a denture of gold with vulcanite attachments the 
plate should be of the thickness of No. 27 of the standard gauge, and 
made in accordance with the directions for the making of gold and silver 
plates in Chapter XII. 


Fre. 399.—Cross-section of gold plate showing soldered rim. 


Fig. 400.—Wire rim. 


It should be provided with a rim extending entirely around the labial 
and buccal edges and upon the palatal portion of the plate slightly pos- 
terior to the alveolar ridge, as shown in A and B in Fig. 399. This 
rim may be formed of No. 27 plate (Fig. 399) or round wire of No. 17 
gage (Fig. 400). A rim formed of round or triangular wire requires 
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much less labor and time in its adjustment and soldering than if formed 
of a strip of plate, and when flattened with the file on the labial side, | 
and the corborundum wheel and graver on the lingual side, it has the 
same effect as if it were formed of plate. 

The rim may be dispensed with entirely, but, as it gives a more 
finished appearance to the denture and adds greatly to its strength, 
it should, therefore, always be preferred. 

In attaching a flat rim to a gold or silver plate, a strip of plate long 
enough to extend entirely around the rubber attachment should be cut. 
The rim should be annealed, and bent with the pliers to fit the labial 
and buccal edges on the plate. It is then placed on a charcoal support, 
and the rim held in contact with the plate by means of small nails or 
tacks: it is then united to the plate bya small piece of solder immediately 
in front at the frenum and at one or two other points along the buccal 
edges. The plate is then cooled, placed upon the plaster cast, and with — 


Fic. 401.—Location of wire attachments. 


a small hammer and pliers the rim is brought in close enough contact 
with the plate to admit of complete soldering. The lingual portion 
of the rim should not be soldered to the plate until after the correct 
position of the teeth has been ascertained. This is accomplished by 
arranging the teeth according to the bite and other requirements of the 
case, and then making a wall of plaster around them separated at the 
center line. This enables the operator to mark upon the plate with a 
sharp instrument the correct point at which to solder the rim, so that it 
will leave an unbroken surface for the tongue, as shown by B in Fig. 399, 
and to mark the proper position for the loops or bent-pin attachments, 
as shown by Cin Fig. 401. It is very important that the exact location 
of these fastenings should be ascertained, but this cannot be determined 
until after the teeth have been adjusted. 

The wire rim is soldered to its place by simply clamping the wire to 
the plate, and then attaching it at single points in front and at the 
buccal edges, and, after the correct position of the teeth has been 
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Fia. 402.—Loop punch. 


ascertained, bringing it entirely around 
at the lingual portion, as shown by C in 
Fig. 401. By simple pressure with an 
instrument or gently tapping with a 
riveting hammer, it may be brought into 
close contact with the plate and com- 
pletely soldered. It need not be flat- 
tened and finished until after the case is 
vulcanized. 

Owing to the difficulty in soldering 
aluminum, it is necessary to secure at- 
tachment for the vulcanite to the plate 
by means of perforations or countersunk 
holes along the top of the ridge. For this 
purpose, ingenious perforating punches 
have been devised by Drs. Richmond, 
Peck, and others; those of the two 
former are shown by Figs. 402 and 403, 
the latter throwing upa sharp square bur, 
the former a loop. The punch points, 
entering from the under side of the 
plate, produce the desired result with- 
out in the least bending or affecting 
the fit of the plate. 


Fic. 403.—Perforating forceps No. 9. 


; i 8 | . 


Fia. 404.—Perforated plate. 
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A rolled aluminum plate, constructed in the manner shown by Fig. 
404, and roughened by means of the punches (Figs. 402 or 403), and 
with the teeth attached by means of vulcanite, will afford a light, strong 
and comparatively durable denture. 

Vulcanite is of great value in refitting gold dentures which have ceased 
to fit the mouth in consequence of changes by resorption following the 
extraction of the teeth. These changes may continue in some cases for 
several years after the removal of the natural organs, to such an extent 
finally that the denture will no longer be of service. The resorption 
usually occurs along the alveolar ridge, and it is a matter requiring but 
‘little trme or labor to adjust the denture to a new plaster cast, fill the 
spaces caused by resorption with wax, invest, pack, and vulcanize the 
piece. Care must be observed to make countersunk perforations 
through the plate at points where the vulcanite is to be attached, so as 
to secure firm union with the gold plate. 

Special Rubber Facings.—T'wo kinds of rubber have been introduced 
in the past that commend themselves for use in the combination plate 
described above. One is the “granular-gum”’ rubber facing by Dr. 
Gilbert Walker, in the use of which the following directions are given: 
“Tn waxing up a case, carefully model the gum portions to the exact 
contour desired, and make the festoons smooth at the necks of the 
teeth. After flasking, face with a layer of granular gum cut to lie 
close around the labial and buccal necks of the teeth, and pack against 
the outer wall of the plaster investment, so that the facing shall not 
extend above the edges of the plaster. Lap the pieces of granular gum 
carefully, so that the red rubber will not be squeezed between them, 
and show on the facing after vulcanizing. In packing the red rubber 
care must be taken not to have an excess, else the overflow may carry 
with it the granular gum and elongate its colored particles, thus inter- 
fering with the mosaic appearance on which the imitation of the gum 
depends. 

“The lingual part of the plate may likewise be faced, with care in 
lapping the pieces of granular gum and avoiding an overplus of red 
rubber. With this form of rubber, exposure to sunlight for the purpose 
of developing its color is unnecessary; when well polished the moisture 
of the mouth will improve the tint. 

“Granular gum vulcanizes with any of the ordinary rubbers; better 
results are, however, obtained by vulcanizing it at a low temperature. 
In finishing, care should be exercised to avoid cutting through the thin 
facing.” 

Gear’s shaded pink rubber is somewhat similar to the granular gum 
described above. It may be used in the same manner as the latter, and 
adds greatly to the beauty and natural appearance of the gum portion 
of the denture if the preliminary modeling has been done with taste 
and skill. | 

Vulcanite Dentures with Contours.—It is sometimes necessary to 
amplify the denture at points where unnatural depression occurs 
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in consequence of great resorption following the loss of canines or 
molars. If the amount of projection required to restore natural 
expression is not extraordinary, slight additions to the rim and 
the usual vulcanizing may be relied upon to accomplish the desired 
result; but if the case require a large mass, exceeding + inch in 
thickness, the vulcanizing must be done at a lower temperature, 
of, say, 300° F., and three hours’ exposure in the vulcanizer, in order 
to avoid porosity. Equally good results may also be attained by 
forming a core of some light material, enveloping it in rubber, and 
filling with it the recess in the flask representing the “contour.” 
For this purpose cores of thin metal hermetically sealed, approxi- 
mating the form of the contour and } inch smaller than the latter 
may be used. The preparation of metallic forms is, however, a matter 
requiring considerable labor and time. A much simpler and equally 


Fie. 405.—Cast of mouth with opening into nasal cavity. 


effective method is to form a core either of vulcanized rubber, sponge, 
or cotton-wool tightly rolled and wrapped with thread. In packing, the 
core is not to be placed in position until the case has been packed and 
the flask completely brought together, when it may be opened, the 
recesses representing the contours freed from rubber, and the cores, 
previously wrapped with strips of soft rubber to the thickness of 4 
inch, put in its place. The object of first packing and closing the 
flask is to prevent the flow of rubber from displacing the cores and to 
insure their complete envelopment. In finishing such a case, care 
must be exercised to avoid cutting through the rubber or exposing the 
sponge or cotton when those materials are used. Probably of the 
materials named, a piece of hard vulcanite affords the best results and 
is less likely to lead to failure through displacement, which is always 
liable to occur. 

The same course as outlined above in the preparation of ordinary 
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contours may be pursued in making plates to restore contours when 
large portions of the maxillary bones have been lost by disease or 
accident, such as gunshot wounds, etc. Fig. 405 shows a cast of the 
mouth in which the whole anterior portion of the alveolar ridge had 
been removed, leaving a large opening into the nasal cavity, by which 
speech was seriously affected. After obtaining the cast, a thin plate 
of wax was prepared to cover the palatal portion extending around the 
teeth in the form of half clasps, and through the opening even with the 
floor of the nasal cavity. Upon the wax base thus prepared the arti- 
ficial teeth were arranged, and the waxing and flasking done in the 
usual way. To prevent porosity of that part of the vulcanite appliance 
which extended into the opening, two or three drops of water were 
introduced, so as to keep the bulb hollow and in a state of expansion 
during the vulcanizing process. ‘This water may be removed after 
vulcanizing by drilling into the bulb and then securely plugging the 
holes thus made with platinum wire tightly screwed in. Fig. 406 
affords a sectional view of the appliance. 


Fic. 406.—Denture constructed for case shown in Fig. 405. 


Spiral Springs.—Vulcanite dentures are occasionally retained in situ 
by means of spiral springs. This method of retention is, however, 
but seldom resorted to, except in cases of oral deformities. 

Vulcanite Dentures and Flexible Rubber.—The use of “ velum rubber” 
(soft vulcanite) retainers is a questionable method. It is certainly 
unsanitary and rarely justifiable. There are two general plans for 
using velum rubber: (1) As a peripheral border of the relief 
chamber, or the outer edge of the plate. (2) In the form of disks, 
either as a large central disk or as small disks distributed about the 
surface. The rationale of the first method is to provide a flexible rim 
that may be readily adapted to a thin tense mucous membrane. In 
such cases the method has the stamp of being scientific, but it is unscien- 
tific and has the stamp of ignorance to use the method when the tissues 
are excessively soft and stability is the result desired. The second 
method consists of attaching soft vulcanite disks to depressions in the 
maxillary or mandibular surface of the denture (Fig. 407). The ration- 
ale of this method is that the thin pliable disk, by the aid of moisture, 
easily conforms to a surface covered with thin and tense mucous tissue; 
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then as stress is applied to the denture it draws the center of the disk 
away from the tissue, thus forming a vacuum. It is obvious that such 


a denture is pendently seated, but that it will require much force to 


remove it from the mouth. The mouths where such methods are 
indicated are rare, and to insert such unsanitary appliances, wheu 
other methods, properly used, would meet the requirements, is repre- 
hensible. As velum rubber contains but one-third as much sulphur 
as hard vulcanizable rubber, it is evident that the soft vulcanite is but 
one-third “cured;” therefore it is easily understood why the material 
is so much less durable, swells, changes form, acquires an offensive 
odor, and requires renewal every few months. “Velum rubber’ 
should never be used in the mouth except where the conditions cannot 
be met by other means, and then it should be renewed often. 


Fic. 407 


There are conditions of the lower jaw that can be met with velum 
rubber better than with any other material; however, even in these 
extreme cases the material should be used only as a last resort, and 
then only after the patient has had explained the nature of the material 
and the continued expense. 

Conditions of the mandible indicating velum rubber are: excessive 
resorption with nodules and sharp ridges upon the surface of the bone, 
and soft tissues very thin and sensitive, especially to a sliding move- 
ment. 

The technic for constructing a hard vulcanite denture with a velum 


-vulcanite lining is peculiar to the material, but easily comprehended. 


The compound cast and wax occlusion model having been obtained, 
are mounted upon an articulator. The wax occlusion model is 
now laid away for future use. The surface of the mandibular cast 
should be freed of all wax and the surface rubbed with talcum powder. 
A piece of thin tin-foil is smoothly and perfectly adapted to this pow- 
dered surface, upon which the denture is to rest, one thickness of pink 
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base-plate wax, and over this a layer of heavy (No. 60) tin-foil are 
conformed. This represents the portion to be replaced with velum 
rubber, and is called the base-plate; upon this foundation of tin and 
paraffin, or base-plate, a small roll of soft yellow wax is placed, in 
which a soft-iron wire is embedded for rigidity. Upon this roll of 
wax the teeth are mounted and occluded. This built-up trial den- 
ture is tried in the mouth and if satisfactory is returned to the artic- 
ulator; the yellow-wax rim mounted with the teeth is thoroughly 
chilled and carefully removed from the base-plate. This teeth- 
mounted wax rim not being distorted, is flasked, packed with hard 
vuleanizable rubber, and vulcanized. The hard vulcanite rim is 
thoroughly polished, except the base surface, which is scraped and the 
edges filed to a slight bevel looking outward. This vulcanite rim is now 
returned to the articulator, occluded, and waxed to the paraffin-tin 
base-plate. The entire labiobuccal and lingual surfaces are nicely 
covered with heavy tin-foil, even extending upon the porcelain teeth. 
(Remember the original cast is upon the articulator and is to remain 
there.) 7 , 
The tin-covered denture is now flasked with French’s Regular 
Dental Plaster so that the separation is exactly at the periphery of 
the base-plate. The flask is opened and the base-plate removed. The 
cast upon which the velum rubber is to be vulcanized is now in the 
lower section of the flask and was formed from the mandibular surface 
of the tinned base-plate. If the tin was carefully formed upon the 
compound cast and the first half of the flasking carefully done, the new 
cast will be a perfect reproduction of the original. This is to be covered 
with thin tin-foil and soaped. The next step is a very important 
one. The exposed surface of vulcanite must be thoroughly cleaned 
of wax and dirt; flush away the wax with hot water, wipe dry, and rub 
well with a cloth saturated with chloroform. This surface is then 
covered with a hard vulcanizable rubber cement (bow-spring rubber 
dissolved in chloroform to the consistency of thick cream). The 


‘cement is evenly painted over the surface of vulcanite, and when the 


chloroform has nearly evaporated, sufficient velum rubber (preferably 
black) is packed upon it to fill the mold. Vulcanize the same as hard 
rubber. When the case is taken from the flask and the tin-foil removed, 
it is finished except the peripheral edges of the velum rubber. ‘These 
edges are trimmed away with sharp scissors, seared with a hot iron, 
and the burned soft vuleanite removed with chloroform. In a few 
moments the chloroform will have evaporated and the case is finished ; 
however, it is well to again gloss the hard vulcanite with a soft brush- 
wheel and chalk. 

The articulator bows mounted with the original casts and wax- 
occlusion model are filed away for future use. 

When it becomes necessary to renew the velum rubber, the bows 
mounted with the casts and occlusion model are returned to the antag- 
onizer, the velum rubber is cut away until a surface of hard vulcanite 
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is obtained, a new tin and paraffin base-plate is formed, and the teeth 
upon the hard rim of rubber are occluded and attached to the base- 
plate. The remainder of the process is the same as constructing the 
original velum lining. 

As all the strength of this denture is in the hard vulcanite, it is well 
to use a reinforcement. This is done by inserting a No. 12 to 16-gauge 
wire of clasp gold or iridioplatinum. This is done when packing the 
hard vulcanite rubber. With the pins of the teeth embedded in red 
rubber and the pink rubber facing in place, the wire stiffener, previously 
conformed, is placed at the cervix of the teeth and the packing 
completed. 

The technic for applying the tin-foil has previously been described. 


REPAIRING VULCANITE DENTURES. 


The breaking of vulcanite dentures is usually due to over-vulcanizing, 
by which elasticity and toughness are destroyed; to improper arrange- 
ment of the molars, by which the strain of mastication is thrown on 
the outside instead of on top of the ridge; or toa warped denture. The 
first evidence of the giving away of a piece is usually a fine crack appear- 
ing between the two central incisors, and sometimes, in partial dentures, 
in the border surrounding a natural tooth. 


Fic. 408.—Fractured vulcanite denture dovetailed for repair. 


Wax Method.—A method particularly applicable to dentures which 
are broken entirely in two, consists in adjusting the two parts of the 
denture together, and fastening them in correct relation to each other 
temporarily by adhesive wax dropped on the lingual surface until plas- 
ter can be run into the maxillary portion of the denture. As soon as 
the plaster hardens, the denture is removed from the cast, the line of 
division is enlarged with a file, and dovetails cut opposite each other 
with a jeweler’s saw, as shown by Fig. 408. The dovetailed space is 
then filled with wax, invested in the usual way in a flask, packed, and 
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vulcanized. This method is open to one serious objection—it necessi- 
tates another vulcanizing and the consequent loss of elasticity and 
toughness. A plate so treated will never be as strong as it was before. 
By another method the edges may be adjusted as before described, 
and the piece be placed immediately in the lower half of the flask. After 
the plaster has set, the adhesive wax is to be removed from the lingual 
side of the plate and a line cut with a round engine bur along the 
full extent of the crack, or break, halfway through the plate and a 
quarter of an inch wide, with smooth, regular edges, without dovetails. 
The case is then waxed up and the other half of the flask poured— 
when the case is packed and vulcanized. If the parts have been kept 
perfectly clean the union will be quite strong. 


Fic. 409.—Fractured vulcanite denture prepared for repairing with beveled surface and 
wax shafts. 


Another modification,! which gives the best results is this: After 
the cast is made, the portions of the plate are removed from the cast 
and with file and scraper a long bevel is cut, forming a thin feathery 
edge along the fractured edge and sloping away from this for an 
1 to 4 inch as the case will permit (Fig. 409). The pieces are then 
filed to give a slight bevel upon the maxillary surface. The portions 
of the denture which have been cut away are replaced with wax, and 
if necessary the denture may be thickened over the portion having 
the freshly cut surface. It is unnecessary to coat the vulecanite sur- 
face with a solution of rubber as the heat and pressure will make the 


1 The method preferred by the writer. 
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union. Fig. 410 shows method of flasking. (For description of wax 
shafts, see page 422.) | pts 

Fusible Metal Method.—To avoid loss of strength by the second vul- 
canizing, it is recommended that fusible metal, melting at 150° or 160° 
F’., be used to fill the dovetailed space. This can be done by pouring 
the melted alloy into the space and packing it with a hot spatula, 
which is readily admissible owing to the low fusing-point of the metal. 
While the method has the advantage of not requiring a second vulcan- 
izing, the union of the metal at the point of fracture is not as close as 
when rubber is used, and it cannot be said to be reliable as a means 
of repairing broken vulcanite dentures. 


Fie. 410.—Fractured vulcanite denture shown in Fig. 408 invested. 


A single tooth may be fastened to the vulcanite by filling the dove- 
tailed space as for repairing with rubber, the fusible metal to be put 
in place with a hot spatula; or the dovetail can be filled with amalgam. 

Replacing Vulcanite Method.—Much the better way is to fasten the 
parts together, run a plaster cast into the denture, then make a bite of 
plaster to serve as a guide for the replacement of the teeth, remove the 
latter from the broken plate, reset them to the cast, wax up the piece, 
flask, and vulcanize. This affords practically a new case, and the time 
consumed is not much greater than is required in repairing the old one. 

Additions to Old Dentures.—Additions of teeth to old dentures are 
accomplished after practically the same methods. Fig.411 shows a case 
where four teeth have been extracted, and the old plate is prepared for 
the addition of as many porcelain teeth, so that the denture could be 
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worn until the resorption of the alveolar ridge and gums would admit 
of the construction of a permanent denture. The illustration shows 
the denture bevelled off to a smooth edge, and several holes drilled 
into the filed portion. The correct occlusion of the new teeth is obtained 
by placing the denture in the mouth after the bleeding ceases, placing 
two pieces of softened wax along the alveolar ridge and plate, and 
directing the patient to bite into the wax, and then gently pressing the 
wax while the teeth are in contact. This gives the correct relation of 
the lower to the upper teeth, and the impression of that portion of the 
alveolar ridge to be covered by the addition to the denture. The 
preparation of the plaster cast and bite is done in the usual way, plain 
teeth being ground to the gums to allow for the rapid resorption which 
always follows the extraction of teeth. The waxing and flasking are 
done in the usual way. 


Fig. 411.—Denture prepared for the addition of several teeth. 


Ironing-in Method.—This method is suitable for replacing a tooth 
or two, or filling a short crack or a hole. The vulcanite is cut with a file 
to give a dovetailed form to the space into which a tooth is to be 
added; and a crack or hole should be prepared for the new rubber 
with a scraper. The new rubber is ironed into place by using a hot 
wax spatula and firm pressure. Waxable rubber is better for this 
work than ordinary rubber. 


APPENDIX. 
PORCELITE. 


Vuleanite as a denture base has served a very valuable place in — 
dentistry. It came into use at a time when the prosthetist was badly 
in want of just such a material for his definite needs. Now there is 
a demand for a more modern and better material and the day of the 
vulcanite denture is drawing to a close. | 

Many different kinds of materials have been experimented with and 
results have been discouraging. The general demand for a better 
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base material and the seriousness of the group of investigators gives 
promise that results will soon be obtained. The most advanced work 
along this line seems to have come from experimentation with a modi- 
fied form of Bakelite, a compound of or condensation product of form- 
aldehyde and phenol, and is known as porcelite. It was developed in 
the research department of the M. F. Patterson Dental Supply Co., of 
Minneapolis, Minn. While this material is, at this writing (November, 
1927), too new to say much regarding it from a practical standpoint, 
sufficient work has been done to give every assurance that it or a similar 
material will prove far superior to vulcanite as a denture base. 

The technic of constructing porcelite dentures is but little different 
from that of vulcanite except that it is somewhat more exacting. The 
wax pattern, as well as the cast, must be carefully tin-foiled, and vul- 
-canization is accomplished by placing 4 inch of denatured alcohol in 
the pot of the vulcanizer and using care to elevate the flask so as 
not to come in contact with it. Vulcanization is accomplished at 60 
pounds or 290° F., over a period of one and a half hours, after which 
it is permitted to cool slowly. The finishing is very similar to that of 
vulcanite, except that the material is very much harder and there is 
some danger of chipping. 

Porcelite may be used as a material for vulcanite dentures or as an 
attachment for porcelain teeth to a metal base of any kind. Dentures 
constructed of this material may be repaired or rebased with little 
difficulty. Experiments and tests to date indicate that it has many 
advantages over vulcanite as a base. 

The following are some of its apparent advantages: 

From the standpoint of esthetics, it approaches the ideal in color and 
translucency almost defying the closest inspection in the mouth. 

It has about one-third less weight than vulcanite dentures of the 
same bulk. ; 

It may be sterilized in boiling water without change of shape. 

It has a great thermal conductivity and in this way promotes the 
general health of the underlying supporting tissues. 

Its hard dense surface is impermeable to saliva and all other fluids. 

It is sufficiently strong to withstand the stress of reasonable masti- 
cating forces. 

It retains its color and translucency in the mouth and becomes 
tougher with use. 

It has no taste or odor. 

In short, it approaches in a practical way those ideals of Art which 
the modern prosthetist has only dared to dream of in the past. 
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CHAPTER XI. 
DIES, COUNTER-DIES AND MOLDING. 


By WILLIAM H. TRUEMAN, D.DSS. 
REVISED BY 


EDWARD KENNEDY, D.DS. 


THE dies and counter-dies used in a dental workroom are reproduc- 
tions in metal of that portion of a cast of the mouth over which it is 
desired to adapt a sheet metal plate or appliance by the process of | 
swaging. ‘These dies and counter-dies differ from those used in the 
industrial arts for a similar purpose in that they serve a temporary 
purpose only. As they are not designed to produce a large number of 
duplicates, it is not necessary for them to be made of a wear-resisting 
metal. They are not required to produce upon the surface of the sheet 
metal a sharply defined embossed design calling for accurate adaptation 
of the die to the counter-die. All that is required is an accurate 
adaptation of the sheet metal to the surface of the cast, and as this 
surface is a series of easy curves and rounded elevations and depressions, 
the force of repeated, well directed hammer blows is quite sufficient to 
accomplish the swaging. This being the case, the size and shape of 
the bodies of these dies and counter-dies are not restricted by the 
mechanism of a stamping press, and their construction is thereby 
very much simplified. If that part of the die technically termed its 
face is an accurate duplicate of the corresponding portion of the cast, 
and the die is sufficiently rigid and convenient to handle, its size and 
shape in other respects are immaterial. ‘The dies are made directly 
from the model by a process of open mold casting, and are usually 
made of zine or Babbitt’s metal. | 

The counter-dies are made by casting over the die a softer metal, 
and one with a lower fusing point to avoid ‘any liability of union of 
the two by a partial fusing of the die. The main purpose, however, 
of using a softer metal for making the counter-die is that it may, by a 
change in form during the swaging, become slightly larger than the 
die, and so accommodate itself to the thickness of the sheet metal 
being swaged. If the die fits into the counter-die exactly and both 
are made of unyielding metals, they become as it were a punch and 
matrix, and in the swaging process will cut and tear the sheet metal 
instead of forming it into the desired shape. In order to avoid this 
in the sheet metal worker’s stamping press, the dies and counter-dies 
are so constructed that when the press is closed there is sufficient space 
between them to accommodate the metal used. 
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The process of constructing dies and counter-dies in the dental 
laboratory may be briefly stated as follows: 

The cast is imbedded in molding-sand contained in an appliance 
termed a molding-flask. The cast is removed, leaving a space in the 
sand known as the mold, into which molten metal is poured, produc- 
ing the desired die. This is now imbedded in molding-sand, leaving 
only that portion exposed which is to be included in the counter-die. 
A properly shaped metal ring—a casting- or molding-ring—is placed 
around the invested die and molten metal poured in the ring to form 
the counter-die. We shall now consider in detail these various steps, 
and the materials and appliances used in the process of constructing 
dental dies and counter-dies. 


METALS USED FOR DIES AND COUNTER-DIES. 


A metal suitable for making dental dies should possess the following 
characteristics: It should be hard enough to withstand the force 
of swaging without marked bruising of its surface; it should be tough 
and not brittle, so that it will not break in use; it should neither 
contract nor expand in passing from its fusing temperature to that at 
which it is to be used; it should be readily fusible in the common 
heating vessels used in the dental laboratory; and, finally, when 
molten it should possess sufficient fluidity to permit it to flow freely 
into small spaces. Of all the available metals, zinc possesses these 
several properties to the greatest degree, and is, therefore, in general 
use for making dental dies. Much has been said and written with 
regard to the undesirable quality of contraction of zine in cooling. 
Dr. T. L. Buckingham, by a series of carefully conducted experiments 
determined that a mold of molten zine 5 inches in length contracted 
on cooling ;'g inch, or 5 of its length. He estimated that a zinc die 
2 inches in width and 23 inches in length on the surface where the 
plate is to be swaged, contracted ?; inch in width and 36 inch in length. 

Ordinary commercial zinc contains impurities varying greatly in 
amount and in character which somewhat affect its physical properties 
and make it unsuitable for dental use. That sold as “the best,”’ 
however, costing a few cents a pound more, will generally prove satis- 
factory for making dies. 

The importance of properly heating the zinc is not generally appre- 
ciated. To obtain the best results the zinc should not be overheated. 
_ If it is allowed to become red-hot, it never works quite so well after- 
ward. It oxidizes rapidly at that temperature, and also alloys with 
the iron of the melting pot. These two conditions combined tend to 
make it less fluid, and it does not pour as well or make as smooth a 
die as when it is carefully heated. The various remedies for these 
conditions found in dental textbooks have proved useless to the writer. 
The late Mr. Joseph Richards, an expert metallurgist and chemist of 
Philadelphia, invented and patented a method for restoring oxidized 
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zinc to its normal condition, which is used extensively and with satis- 
faction. He found that the addition of a very small portion of alumi- 
num to the molten zinc had a very marked deoxidizing effect and 
quickly restored the zinc to its normal condition. An alloy is made of 
9 parts of new zinc and 1 part of aluminum. To the old and oxidized 
zinc, while it is in a molten condition, approximately one-twenty-fifth 
of its weight of this alloy is added, and the whole thoroughly stirred. 
The effect is quickly noticed, the zinc becoming more fluid, and the 
dirt and oxide separating so that it can be removed. Small amounts 
of this alloy are added, if needed, until the zinc is in a suitable condition 
for use, when it may be poured into ingots, the separated dross removed 
and the metal immediately cast into dies. The aluminum acts 
as a deoxidizing agent, and the amount necessary is too infinitesimal 
to have any effect as an alloy. The object in first alloying the aluminum — 
with the zinc is that it may be quickly disseminated throughout the 
mass. 

Cast-iron melting pots are preferable to those made of thin sheet- 
iron, as they do not so quickly become overheated, and are usually of 
a more convenient shape. Before being used, the inside of the melting 
pot should be coated with a paste of whiting and water and well rubbed 
in. This coating should be renewed several times, until the iron forms 
a protective coating of its own oxide. Unless this precaution is taken 
the zinc alloys with or eats into the iron, and in a little while makes 
a hole, usually where the bottom of the pot joins its sides. It is very 
important to keep one pot exclusively for the zinc, and another for the 
lead, and to have them so plainly marked that the mistake of using 
either for any other purpose is not likely to occur. They should be 
frequently emptied, and the oxide and dirt which collect at the bottom, 
and are non-conductors of heat, should be removed. When the mold- 
ing-sand is sieved, and the scraps of metal found therein returned to 
their respective pots, those merely supposed to be zinc, or supposed 
to be lead, had better be discarded. 

Zinc is not a desirable addition to lead used for making counter- 
dies, while zinc contaminated with lead is a very provoking mixture 
in a dental laboratory. A small amount of lead in zinc forms an alloy 
that makes the zinc undesirable for use in die making; the larger part 
of the lead remains as a mere admixture, and the lead, having a lower 
fusing point and a higher specific gravity, remains fluid after the zine 
has set, and has a tendency to settle at some part of the face of the die. 
When this takes place, if the die remains in the mold until it has cooled 
below the melting point of lead, the lead forms a soft spot; if the die is 
removed from the mold at an earlier stage, the still molten lead runs out 
and leaves a defect in the die; in either case the die is spoiled. ‘The 
method this suggests for separating the two, 2. ¢., casting the mixed 
metals in a cone-shape mold and overturning it as soon as the zine 
sets, so as to allow molten lead to run out, and which is recommended 
by metallurgists, is very unsatisfactory in dental laboratory practice. 
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With ordinary care the metals used for dies and counter-dies add so 
little to the laboratory expense account that it is economy to renew 
them when they are found to be in an unsatisfactory state. 

Various non-shrinking alloys have been recommended as preferable 
to zinc for making dental dies, but perhaps the most desirable one is 
a modification of Babbitt’s metal advocated by Dr. L. P. Haskell, 
of Chicago, of the following formula: 
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Dr. Haskell contends for this alloy, in addition to its non-shrinking 
quality, a decided advantage in its low fusing-point. On account of a 


marked tendency of its components to separate, he directs that after 


it has been fully fused, avoiding, however, overheating, it should be 
thoroughly and vigorously stirred with a wooden paddle until it is about 
to set, but still quite fluid, and then quickly poured into the mold. 
By this procedure the full advantage of the alloy is secured. If this 
is not done, the alloy quickly deteriorates and produces rough and 
unsatisfactory dies. For counter-dies he uses lead alloyed with tin 
to reduce its fusing-point and increase its hardness. It is only with 
great care that lead alone can be used for making counter-dies over 
dies of this alloy. Type metal can be used to good advantage and if 
old type is used, it is very inexpensive and answers all purposes. 

For small dies the various fusible alloys are extensively used. Some 
operators prefer to make their working casts of these alloys rather than 
of plaster, because they are stronger and better able to resist wear, 
or as a time-saver where in special cases the cast is wanted quickly. 
Some fuse at such low temperatures that with care they may be success- 
fully cast in modeling compound impressions. Melotte’s metal, 
Dee metal, Dialoy and Babbitt’s metal are also used. If the die is 
allowed to become cold and is coated with a separating medium of 
chalk or whiting, a counter-die can be made of the same material as 
the die. 

Of the non-fusing alloys, silver amalgam and copper amalgam are 
extensively used as dies for swaging clasps and small capings for 
crowns. I do not believe, however, that they are practical for swaging 
saddles. They must be used ina small swaging machine and embedded 
in modeling compound for support, and rubber used in place of the 
counter-die. This may be either the unvulcanized base-plate rubber 
or a plug of semi-hard rubber. 

For counter-dies, lead is generally used. These can be supplemented 
by pure tin counter-dies which are much better than zinc counter-dies 
as the tin does not cut the gold. Type metal is also used. If the lead 
counter-dies become enlarged in swaging, it is not always necessary 
to pour new ones because this does not generally occur until we are 
hear the end of the swaging process, in which event we can take the 
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flat sheets of cottonoid, moisten them, place them in the counter-die 
and produce a result similar to a hydraulic pressure device. Thin 
pieces of soft leather, rubber from old hot-water bottles, or even 
newspaper answer the same purpose, but newspaper separates so 
easily and is forced out of the counter-die so readily when the swaging 
is done that it is very dirty. 

Lead having a lower fusing-point than zinc, does not oxidize quite 
so rapidly, and is not so seriously injured by overheating, nor is it 
quite so sensitive to admixtures. While accidental addition of a 
little zinc is no improvement, it is not a serious detriment. Various 
expedients have been recommended to prevent the lead from oxidizing, 
or to reduce the oxide to a metallic state. The ordinary pink paraffin 
wax scrap left over from waxing up dentures can be thrown on the 
molten lead and allowed to burn. This separates the dross, which rises _ 
to the surface and most of it is easily removed. The little which is 
left should be scraped off with the molding trowel just before the lead 
is poured. The lead should never be allowed to become overheated, 
as this causes oxidation. This is important but not so important as 
avoiding the overheating of the zinc. 


TOOLS AND APPLIANCES. 


The following tools and appliances are desirable for making dies and 
counter-dies: 

1. Molding Table.—The writer has a molding table designed by 
Dr. A. DeWitt Gritman made of a sheet of iron 4 inch thick, 30 inches 
wide and 4 feet long supported on legs made of pipe and pipe fittings. 
The table is about 30 inches in height. On top of this is a wooden 
frame and cover to hold the molding sand. When the cover is in 
place, it makes a very convenient table, economizing space. The 
table is provided with drawers for holding the molding materials. 
At one end, outside of the wooden frame, is enough space for a gas 
stove with a furnace cover which is used for melting the zinc, lead 
and Babbitt’s metal (Figs. 412 and 413). 

9. Sieve.—This should have twelve meshes to the inch and to avoid 
rusting, should be made of brass wire, with wood or tin sides. | 

2. Flasks. —These are iron boxes in which the molds are made. The 
iron casting-rings sold in the dental depots in nests containing four or 
five sizes are inexpensive (Fig. 414). These rings are also used for 
making counter-dies. A more practical set designed by Dr. A. DeWitt 
Gritman and made by Bellfield & Co., can be procured through the 
dental depots. These provide an easy way of making progressive 
counter-dies, which are very necessary to use when swaging full den- 
tures, and which will be described later in this chapter. The 
casting rings are pieces of cast iron or wrought iron drain pipe 23 
inches high and 5, 44, 4 and 33 inches in diameter. The rings for the 
base of the dies and counter-dies are cast iron made in the shape of a 
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truncated cone. The top and bottom edges are turned smooth and of 
the same diameter at their base as the casting rings. Four small 
truncated cones, 3 inch in height are used, to confine the sand when 
making progressive counter-dies (Fig. 415). 

4, Trowels.—One or more small trowels such as‘are used in iron and 
brass foundries (Fig. 416). 


Fic. 412.— Molding table with vulcanizers on top. 


5. Small Brush.—A small brush for brushing the sand from the 
model or the die in molding and making counter-dies. A small flat 
paint brush ? inch wide with a long handle is preferable and can be 
bought at the dental supply houses. 

6. Sand Packer.—An instrument should be provided for packing 
the sand. One can readily be made of a round stick about 14 inches in 
diameter cut wedge-shaped at one end and flattened at the other 
(Fig. 417). It should be about 12 inches long and can also be used as 
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a straight-edge in smoothing off the sand when the flask is full. The 
wall-paper scraper shown in Fig. 416 suggested by Dr. Gritman, is 
also useful for this purpose. 

7. Rubber Tube.—A rubber tube 6 or 8 inches long and 7 inch in 
diameter is used to blow out sand that has fallen into the deeper 
portion of the mold. 


Fig. 413.— Molding table open showing instruments, rings and dies and counter-dies. 


8. In addition to these, a camel’s-hair pencil, a small hammer, a 
small mallet and a small cold chisel may be provided. 

9. Lifter.—An instrument for lifting the cast from the sand may be 
(Fig. 418) made by soldering a small piece of brass tubing onto a brass 
crucible-former an inch in diameter. This is placed upon the model 
and stuck with wax. The small hammer (Fig. 418) is used to jar the 
cast slightly while it is pulled in an upward direction by the upright 
brass rod in removing the cast from the sand. At no time should an 
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attempt be made to drive a sharp instrument into the cast to act as 
a handle for removing it as there is liability of splitting the cast and 
distorting the molding sand. 


Fic. 414.—Set of cast-iron molding rings. 


10. Melting Pots.—The melting pots should be made of cast iron 
and marked “‘for lead,” “for zine,” “for Babbitt’s” (Fig. 419), and no 
pot should ever be used for melting any metal other than that for 
which it is marked, or we are liable to mix metals. The handle should 


Fia. 415.—Gritman rings for dies and progressive counter-dies. 


be made of wrought iron terminating in a wooden handle and should be 
so made that the wooden handle will not separate from the iron portion 
when we lift the pot from the fire. I have seen two such accidents 
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which caused quite severe burns. Do not buy a cheap melting pot or 
one with a handle which is insecure or made of cast iron. 


Fic. 416.—Trowel and scraper useful in making molds. 


Fig. 417.—Sketch of packing tool. 


Fia. 418.—Lifter and hammer. 


11. A fine steel wire or a very fine steel knitting needle should be 
provided for passing through the sand mold if the sand is too damp 
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and shows a tendency to cause the metal to bubble. I have successfully 
used for this purpose the saws from the bracket frame and they answer 
the purpose very well. 

12. Separating Media.—Lycopodium, soap-stone or even talcum 
powder make good separating media to prevent the sand from sticking 
to the model. ‘They should be placed in a box with a sifter top for 
convenience. 


Fig. 419.— Melting pots for zine and lead, with handle. 


MOLDING-SAND. 


The sand used for molding should be of sufficiently fine grain to give 
a smooth surface to metals poured over it, and yet possess sufficient 
porosity when packed in a molding-ring to permit the escape of steam 
formed when molten metal is poured into a moist mold, and should 
form a mass of sufficient coherence to maintain a given form and to 
permit the withdrawal of a properly shaped cast from it without 
fracture. , 

Formerly several varieties of sand were used in the dental laboratory 
for making molds. The first and oldest was iron-founders’ black sand. 
Another was brass-founders’ brown sand. These had the disadvantage 
of requiring a mixture of water at the time of using, with the consequent 
danger of bubbling, or the other alternative of drying out the mold 
before pouring the metal, which required a great deal of time. Within 
a few years several substitutes for molding sand have been offered by 
the dental supply houses. Among the first was one suggested by Dr. A. 
DeWitt Gritman known as “‘calear.”” It was made by mixing 8 ounces 
of glycerin with 8 quarts of the finest flour marble dust and passing 
the mixture through a twelve-mesh sieve on three successive days. 
Fach day the sand is packed hard in a tin box to allow the glycerin to 
be absorbed by the marble dust. The glycerin is hydroscopic and 
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absorbs moisture from the air. For the busy practioner it is not worth 
while to make it or to use sand that requires mixing with water, as 
there is always the liability of steam forming and spoiling the die. 


PREPARING THE MODEL. 


Apart from the manipulation which a plaster model of the mouth 
requires to impart to it a desirable size and shape, more or less prepara- 
tion is necessary preparatory to molding and casting the die. First, the 
outline of the plate or appliance for the construction of which the die 
is required and the position of the relief, clasps, etc., must be accurately 
traced on the model, in order to know how much of the surface of the 
model should be included in the metallic die. The model should be 
level, that is, its face and its bottom should be parallel whenever pos- 
sible; if not, they should be made so by adding to or cutting away from 
the bottom. 


Fig. 420.—Diagram showing method of tilting model to avoid undercut. 


We are now speaking of the ideal condition. It is absolutely 
essential that the labial face of the ridge be parallel with the back of 
the base. If we look at Fig. 420 the line H F drawn parallel with the 
labial face of the ridge, must be parallel with line G H drawn parallel 
with the back of the base, and this is done by cutting the base of the 
cast A B at right angles to the line E F and G H. If this makes the 
model too thin, it will be necessary to add sufficient plaster to the base,. 
as represented by the triangle H J K, to bring it into this position. 
If this cannot be done, then we must resort to coring, which will be 
described in a later paragraph. It is preferable to make the. base by 
adding plaster after the model is poured as it is a simple matter to 
remove this base from the model after we have obtained the dies and 
counter-dies. It makes it much easier to place it upon an articulator, 
especially one of the anatomical type. 
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In applying a base to a model, the plaster should be built up on a 
glass slab and be of sufficient thickness to prevent running, and the 
model, which has been previously soaked in water, is placed in the 
position indicated in the diagram (Fig. 420). When the plaster has 
hardened sufficiently to allow being worked, it should be smoothed up 
approximately to the correct degree and set aside to harden. It is then 
dressed down with a rasp, followed by coarse sandpaper and finally with 
fine sandpaper. 

It is essential that the base should be absolutely flat on the bottom, 
for if it is not flat, 1t will cause the model to rock when packing the sand 
and a distorted die will be the result. 

As a matter of neatness and convenience, the model should not be 

much larger than is actually required. About $ to ¢ inch margin at 
the posterior line of the plate in full dentures, and the width of at least 
one tooth in partial cases and regulating appliances, is usually sufficient. 


Fig. 421.—Partial lower cast prepared as model for a die. 


The sides should slope slightly so that it will readily leave the sand. 
Fill up all acute undercuts not needed on the die that may tend to 
prevent the model from freely leaving the sand, although they may be 
at points distant from the face of the model. If they are not essential 
parts of the future cast, fill them up with either plaster or wax; if 
they are essential, enlarge without deepening them and without 
encroaching upon any portion of the cast to be covered by the plate, 
and give them a rounded form. A marked undercut due to an over- 
hanging alveolar ridge, or at the lingual aspect of lower cases, may often 
be accurately reproduced in the die if so rounded as to leave space for 
a larger body of sand (Fig. 421). 

All of the rugze on the cast should be carefully built up with pink 
paraffin wax as these projections have to take the brunt of the swaging, 
for there is a tendency for the zine die to flatten out under the swaging 
process. If this happens, soreness will occur on the ruge and it will 
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be impossible to relieve it without cutting into the gold. As there is 
only a thickness of 26 gauge in the thickest plates, we are very likely to 
cut through the plate and destroy it. The incisive pad should be 
relieved particularly, and any thin edges on the upper or lower ridge. 
In partial dentures, it is a good plan to relieve the gingival margin for ‘ 
a distance of 1 inch back of the teeth, so that the pressure will be kept 
off the delicate tissues around the teeth. The thickness of the relief 
varies from about the thickness of 26- to 24-gauge wax. Formerly it 
was the custom to make a vacuum-chamber. This produced suction 
and prevented rocking of the denture by raising it from the central 
hard spot along the median raphe. The suction produced by the 
vacuum-chamber was only temporary, but it served its purpose until 
the patient became accustomed to wearing the denture. After a short 
while, however, mucous tissue was drawn down into the suction cham- 
ber and became very much irritated. Dr. Semken of the Crocker 


Fig. 422.—Full upper cast prepared as model for die. 


Foundation for Cancer Research has told me that about 2 per cent of 
the cancers of the mouth can be traced to faulty bridge and denture 
work, and he believes that almost all of the cancers in the upper mouth 
are caused by pressure of the plate on the median line. 

The hard area must be relieved, but there must be no sharp edges 
to cause pressure spots to develop. This is done by running a relief 
anteriorly from the incisal pad to the posterior border of the hard 
spot and extending it out on each side until we reach semi-soft tissue. 
A piece of pink paraffin base wax is heated and placed over the outline. 
The outline, if sufficiently heavy, can be seen through the paraffin 
wax and the wax trimmed with a sharp knife. This wax relief is 
attached to the model with either sticky wax or shellac, and the edges 
of the wax trimmed down until there is no perceptible line of demarca- 
tion (Fig. 422). The wax can be smoothed up with chloroform and 
when the model is dry, a coating of thin shellac is applied to cover the 
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entire surface of the model with the exception of the bottom of the base. 
After this is sufficiently dry, a coating of thin sandarac varnish is 
applied, and the model placed in a cool dry place to allow it to thor- 
oughly harden. It should then be rubbed with lycopodium, soap-stone 
or talcum powder and any surplus removed with a camel’s-hair brush. 

Model for Partial Cases. —The preparation of models for partial cases 
is complicated by the presence of the teeth. In some cases it is not a 
serious matter, but in others it makes it quite difficult. If the teeth 
lean or are so shaped as to impair the accuracy of the mold, we endeavor 
to correct it by changing the shape of the teeth or the spaces between 
them by adding wax. If the model is held at arm’s length in front of 
one eye, closing the other, we should be able to see all surfaces excepting 
the bottom of the base. Then we know whether or not it can be readily 
_ drawn from the mold. 

If a model is made from a modeling compound impression, using the 
proper technic, as pointed out by the author in the Items of Interest, 
May, 1925, the drag on the palatal surface and that between the teeth 
will already have been taken care of and it is only necessary to fill 
out the undercuts on the buccal and the labial surfaces. When the 
casts for partial cases are poured, the teeth standing alone should be 
strengthened by placing little brass brads 4 inch long with the points 
down in the teeth and the heads in the base of the model. Brass brads 
are used because they are much easier to saw through, as it is often 
necessary to saw these teeth off when obtaining the dies. The best way 
to saw these teeth off is with a very fine saw in a saw frame. Begin- 
ning on the lingual side, saw through three-quarters of the way to the 
labial or buccal surfaces, then by pressing with the fingers, break off 
the rest of the tooth, and carefully put this aside until the die is made 
The rough surface on the model is covered with wax and after having 
finished making the die, this wax is lifted off and the tooth cemented 
back into its proper position. The rough surface acts as a key-mark 
to show the proper position. 
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After the varnish is thoroughly dried on the model and it has been 
rubbed with soap-stone (and this is best done by rubbing it on with 
the fingers and removing any surplus with a soft brush), a light dusting 
of lycopodium is applied on the model. : 

Place the model on the bench with the back toward you and its 
face uppermost; place over it the flask, so that it occupies a central 
position, selecting a flask sufficiently large to allow 4 inch thickness of 
sand on all sides of the model. Now take a handful of sand and sift 
it through the sieve upon the model, making it as fine as possible, until 
the model is entirely covered; then with the fingers press it down firmly, 
packing it especially well between the sides of the flask and the model. 
After the model is covered, the sand may be added more rapidly until 
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the flask is full. Press the sand down firmly and evenly with a packing 
tool or the handle of the scraper shown in Fig. 416. If the sand is not 
packed firmly enough, the mold will be rough, the model will be 
inclined to “drag,” that is, it will not leave the sand freely, and the 
sand will be liable to be displaced when the metal is poured in. If it is 
packed too solidly, the vapor caused by the hot metal will not be able 
to escape through the sand, and there is danger of the die being injured 
by the vapor bubbling through the metal. The desirable mean between 
these two extremes can only be learned by experience. Wire drawn 
through the sand mold at its highest point will allow escape of vapor. 

When the flask is full, level off the surface with the side of the pack- 
ing tool previously mentioned, or with a suitably shaped trowel, and, 
lifting the flask with its contents, brush away the sand from that part 
of the bench, and turning the flask over, carefully lay it down with the 
bottom of the model up. Next run the point of the scraper, held at an — 
angle of about 40 degrees, all round the model, so as to make a bevel 
in the sand 7 inch deep and from $ to 3 inch wide. Brush off the sand 
the point of the scraper has loosened; or the flask may be raised and the 
sand thrown off by a quick motion, care being taken that the model is 
not disturbed. This is done by holding the flask between the thumb 
and the third, fourth and fifth fingers, the first finger being placed upon 
the model. | 

To remove the model from the sand requires considerable skill. The 
old practice of driving an instrument into the model should never be — 
resorted to, as it is very liable to split the model and at the same time 
drive the model down and disturb the buccal and labial surfaces of the 
future die. The better practice is to take a sprue former, and solder a 
brass wire into the hole of the crucible former. This can be attached 
to the model by means of sticky wax. Holding the wire with one hand, 
tap lightly on the model with a small hammer. These instruments 
are shown in Fig. 418. As we tap, we pull upon the crucible former and 
when we feel the model loosening, we tilt it and draw it in the direction 
of the least resistance. This jarring serves another useful purpose; 
if the sand.of the mold is broken by an undercut or a leaning tooth, it 
may be dislodged from the model and fall into its proper position or 
nearly so, where it can be adjusted with a camel’s-hair pencil and — 
securely held in place by letting a drop of water from the camel’s- 
hair pencil fall on the line of fracture. When this has been done, it 
will not do to invert the mold. Any particles of sand that have fallen 
in can be removed by touching with moistened camel’s-hair pencil or 
by carefully blowing them out with the aid of a piece of rubber tubing. 

Extra care will be necessary in pouring the metal to avoid displacing 
these fractured portions of the mold. Instead of filling the mold at 
once, pour in enough metal to almost cover the fractured portion, — 
then stop a moment to let the metal approach the setting-point, then 


add a little more, just to cover it, and in a few moments the operation 
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may be completed. If this precaution is not observed, in all proba- 
bility the broken portion will be floated from position and the die 
spoiled. 

Having removed the model, observe if any sand clings to it on those 
portions included within the line of the proposed denture. If so, before 
disturbing it, examine the mold; if that is not badly broken, proceed 
to consolidate the loose sand around the edge of the mold with the 
fingers, rounding the bevel made with the point, and being careful 
while doing so that no sand falls in. This accomplished, the flask 
may be carefully lifted, and can in that way be more conveniently 
examined. First look for any fractured portions that may be restored, 
and make them secure; then note whether the sand brought out by the 
model seriously impairs its accuracy; if it should be at points readily 
corrected in the die, and the mold is otherwise satisfactory, it may be 
accepted. If, however, this is not the case, an effort may be made to 
dislodge the sand from the model without breaking it up, and adjusting 
it to place in the mold. If these expedients fail, the mold should be 
rejected. Before proceeding to a second trial, note if any permissible 
changes in the model will overcome the difficulty. It is quite fre- 
quently the case that the first effort fails, and yet it may suggest 
some little change in the manipulation that will make a subsequent 
effort successful without the necessity of any change in the model. 
A delicate sense of touch to quickly detect the point where the removal 
of the model from the mold is resisted, and judgment in overcoming the 
resistance, should be carefully cultivated. In some cases, as for 
instance, a model of a partial upper denture with a deep vault and 
prominent rugee, it is necessary to press the model forward and at the 
same time lift it from the mold by raising the front first; a similar move- 
ment will best serve for a model of a full lower denture with a marked 
undercut at its lingual aspect. 

In most cases two zinc dies are required and one Babbitt’s metal die. 
Therefore, three molds must be made. It not unfrequently happens 
that repeated efforts must be made before satisfactory molds are 
secured, and now and again one must be satisfied with the best that 
can be obtained and depend upon correcting the defects of the mold 
_by carving the die cast in it. It may be a question whether it is 
best to do this or to spend a great deal more time in the effort to secure 
a better mold by the troublesome process of making cores. After 
satisfactory molds have been made, they should be laid aside where 
they will not be injured before the metal is poured in. It should be 
remembered that a sand mold is quite friable, and becomes more so 
if allowed to dry. It is, therefore, prudent to do the casting as soon 
as possible. 

In these difficult cases, as the labor of pouring the metal in the mold is 
but trifling, it is well to make several dies and select the best two. 
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CORE MOLDING. 


In cases where it is otherwise impossible to obtain a sufficiently 
accurate sand mold owing to the presence of sharp undercuts, leaning 
teeth, etc., recourse is had to core molding. Cores are temporary 
additions made to the model which so change its shape at the points 
where difficulty exists that an accurate sand mold can be made. These 
cores should be in position on the model when the sand mold is made; 
they are then removed and placed in the impressions they have made 
in the sand and become part of the mold. They are made of plaster 
that can be molded to the model, has sufficient strength to bear the 
necessary handling, and will not interfere with the process of casting. 
Plaster of Paris, to which has been added about one-half of its bulk of 
pulverized asbestos (No. 90, Johns-Manville Co.), or any similar sub- 
stance that will mix with the plaster and enable it to bear a red heat | 
without cracking or shrinking. 

The investment materials recently introduced are admirable for this 
purpose. In order to avoid bubbling, the cores must be thoroughly 
dried or baked before the molten metal is brought in contact with them, 
and as the sand molds must be used very soon after they are made, the 
core material must admit of this being done quickly without change of 
bulk or shape. The drying is conveniently done in an electric or gas 
drying oven, or by means of the blowpipe, care being taken, however, 
not to burn off or destroy the sharp edges. This must be done after 
the mold has been made, as the baking makes the cores friable and 
easily broken; or if this is avoided by careful handling, when hot they 
will melt the varnish and stick to the model, also if the cores are long 
in contact with the damp sand, they may absorb from it sufficient mois- _ 
ture to cause bubbling as freely as though they had not been baked. 

The usual precaution of first preparing the cast by oiling, so that the 
material of the core will not unite with it, must be observed. While 
cores must extend as far as needed to facilitate molding, it is desirable 
to keep them as small as is consistent with strength and their ready 
replacement, and to so shape them that they will leave in the sand an 
impression that will hold them accurately and securely in place when 
the metal is poured into the mold. As these cores when baked are 
light as compared with the metal, unless securely held, they are apt 
to float out of position when the casting is made. To prevent this, 
the metal should be poured in the mold slowly, a little at a time, so 
that the first portion will have commenced to set and assist in holding 
the core in place before the mass of metal is added, and yet this must 
not be done so deliberately that the various portions do not unite as 
thoroughly as though the pouring were continuous. When pouring, 
always rest the point of the molding trowel against the core to hold it in 
place until the metal has covered it. 

Cores are needed for models of edentulous upper jaws more often 
than for those of the lower jaws because of the frequent occurrence 
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in the upper jaws of a marked overhanging ridge. In these cases it 
is usually best, and is usually practicable, to make one large core to 
embrace the front of the model as far as the overhang extends, as shown 
in Fig. 423. Occasionally, however, the depression of both sides may 
be so marked that it is necessary to divide the core at the median 
line. Models of lower edentulous jaws with a marked inward lean of 
the ridge may require cores to secure accuracy of the lingual aspect. 
In such cases it is usually best to make the core in two sections, shaped 
as shown in Figs. 424 and 425, so as to permit of their removal without 
injury to the cast. The conditions calling for cores in partial cases of 
either jaw are so varied that only general instructions for making them 
can be given. They should be so arranged that they can be readily 
removed without injury to the cast; they should be as small as is con- 


sistent with the correction of the trouble requiring their use and their 


secure adjustment in the mold. Thin edges of either the core or the 
sand mold are to be avoided, and the general shape should be such that 
they can be accurately replaced in the mold. 


Fig. 423.—Full upper model with alveolar undercut, showing form of core to fill in 
undercut. 


Now and again, especially with models for partial lower cases with 
leaning teeth, it is expedient to allow the core to take the form of an 
impression taken in sections. The separate portions accurately united 
and held together with adhesive wax applied on the inside, form a mold 
to be imbedded in a mass of the same material of which they are made. 
This is thoroughly dried and the metal poured in. For convenience, 
just before pouring the metal, this mold may be imbedded in molding- 
sand, and a casting-ring placed around it to give to the die the proper 
size and shape. 

At times, it is better in such cases to take a plaster impression of the 
model in sections, from which to make a new cast of that portion to be 
covered by the plate, and from this to remove the teeth. his simpli- 
fies very much the making of the dies. The plate is made on this new 
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model, the portion extending over the teeth being afterward added in 
the form of soldered-on collars, made and adjusted to the original model. 


Fic. 424.—Full lower model with lingual alveolar undercut and core in two pieces 
in place. 


In some cases of marked leaning teeth that are very firm in position, 
exact accuracy is not required, as an accurately fitting plate cannot be 


forced over them. 


Fic. 425.—Underview of two-piece core for full lower model shown in Fig. 424. 


The actual manipulation of cores differs in nowise from the usual 
plaster working of the dental laboratory. The plaster should be 
applied to the model neatly, and confined to that portion requiring 
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a core. After the core has been poured upon the model and has 
sufficiently hardened, it should be cut to correct shape without remoy- 
ing it from the model. Then it should be rubbed with soap-stone or 
talcum powder and the next core poured against it. Cores always 
should be interlocking as they hold each other in place. They should 
never be in large sections, as they are liable to become distorted. If 
the entire buccal and labial surfaces of the model need to be covered, 
the core should be broken up into three if not four sections. 


CASTING THE DIES. 


When ready to begin casting, the molds are arranged on the casting 
bench in convenient positions for pouring the metal. Suitable casting- 
_rings should be close at hand, together with a supply of molding sand 
with which to close any openings between the molds and the casting- 
rings through which the metal might escape. The metal having been 
fused in the melting pot, is brought to the bench. With an iron spoon, 
or a molder’s trowel, remove any oxide or dirt floating on the surface 
of the metal, especially from near the lip of the pot. If the metal 
is very hot, it is best to delay pouring until it has somewhat cooled. 
It is desirable that the metal shall quickly set when poured into the 
mold, so that the principal shrinkage shall take place in the center of 
the mass. Pour the metal in a gentle stream into the mold at one of 
its back corners, holding the lip of the melting pot as close as possible 
to the sand and protecting the side by putting the molding trowel 
close to it so that the force of the blow of the falling metal will be 
distributed. Babbitt’s metal should be poured when some of it is 
still unmelted in the pot. It should be stirred with a fine stick and if 
the stick catches fire, it is too hot and should be allowed to cool. 

If the metal is poured in from a height, or in too heavy a stream, 
the sand of the mold is liable to be disturbed and the die thereby 
rendered rough and inaccurate; on the other hand, the pouring must be 
done quickly enough for the metal to flow into position before being 
chilled. When the sand mold is filled, if the die is not thick enough, 
immediately place over it a casting-ring, the large end down, pressing it 
gently, and continue pouring until enough metal has been added. 

If bubbling occurs, stop pouring for a few moments when the mold is 
about half full, and just before the metal in the mold begins to set, 
pour in more metal, holding the melting pot at a little height over the 
mold. If the bubbling has been slight this will frequently save the die; 
if, however, it has been quite marked the die is usually worthless. This 
can always be prevented by passing a fine wire or saw from the saw 
frame through the sand mold. It is time saved to have the melting 
pot large enough to hold sufficient metal for several dies, and to pour 
several from the one melting. 

When the dies are fully set, turn them out of the mold, and examine 
their condition. Zinc, when quite hot, is far easier to work than when 
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cold; expert workmen take advantage of this by cutting off the teeth 
of dies for partial cases with a pair of large wire cutters, a cold chisel, 
or hack-saw, and with file and gravers roughly correct any inaccuracies 
that may be noted. This can readily be done while the die is far too 


~ hot to handle by holding it in the large bench vise, and much time,and 


labor are saved. When cold, the die is critically examined, and any 
corrections needed before making the counter-die are now made. If 
for a partial plate, the teeth may now be cut from the least desirable 
die, or this may be deferred until after the counter-die has been made. 

Inaccuracies due to imperfect molding on that portion of the die to 
be covered by the plate will also need attention. Spaces between teeth, 
undercuts, and the margin of relief should be carefully compared with 
the model, and made to correspond as nearly as possible. In making 
these corrections the cold chisel may be used where much has to be 
removed; as a rule, however, the files and gravers, and occasionally a 
bur in the dental engine, will prove effective tools. It is just as 
important not to remove too much as it is to remove enough, and very 
important not to encroach upon any portion of the die that does not 
need correction. 

COUNTER-DIES. 


In former times the dentist was in the habit of making counter- 
dies to cover the entire outline of the plate and sometimes more than 
the entire outline. This made it very difficult to swage a plate without 
wrinkling the metal. Dr. Gritman produced a series of rings which 
enable us by a simple process to make counter-dies which are progres- 
sive in relation to the area which they cover. The first counter-die 
covers only the palatal surface in the upper. ‘The second counter-die 
of the upper extends over the ridge and about one-third down. The 
third counter-die extends just to the plate outline. This is sufficient, 
because, in swaging, the die would be driven into the counter-die a 
little farther and would extend a little beyond the plate outline. 

In the lower, if the ridge is high, we make four progressive counter- 
dies. The first extending just to the top of the ridge; the second 
half of the way down; the third and fourth to the plate outline. Asa 
great many lower jaws are very flat, this necessity is not as great as 
in the upper jaw. In partial cases the same thing holds true, especially 
where the metal plate extends into open spaces between the teeth. 
These little tongues should be gradually swaged down in three succes- 
sive stages. | 

No one who has used the progressive counter-dies would ever 
go back to the old method. If we stop for a moment to think that the 
function of the counter-die is to drive the metal we are swaging 
onto the die, we realize that it is a waste of energy to have to displace 
metal in the counter-die which is beyond the area of the plate outline. 
The progressive counter-dies also obviate the trouble that ensues in — 
getting the wrinkles out of the swaged metal that usually occurred in 
the use of the old method. 

There are four sizes of rings for making the counter-dies, and four 
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narrow rings which are used to confine the sand which is packed around 
the die. When we are pouring the counter-die, we take the largest 
ring and place the die in it, packing sand around it. On top of this we 
place the largest intermediate or narrow ring as shown in Fig. 415 and 
pack sand around it up to the die. Then we place the next smaller 
intermediate ring and pack sand around that, and if necessary the 
next smaller one and even the fourth if necessary. The object of 
using these several rings is to allow the building up of the sand so 
that it comes up even with the top of the ridge. The sand which is 
in the palatal portion of the die is brushed out, and the sand is smoothed 
down even with the intermediate rings. In a case where we are using 
a zinc die, it is preferable to do this while the die is still slightly hot, 
as it bakes the sand around the die and gives a much smoother surface 
to the lead counter-die. Do not attempt this on a Babbitt’s metal die. 
Also it is not advisable to pour counter-dies against it, as they may stick 
to the die. Use the zinc die which is a replica of the Babbitt die for 
this purpose. As we do the heavy swaging on the zine die and the 
final swaging on the Babbitt die, the counter-die that fits one will fit 
the other. 

Now one of the other counter-die rings is placed on top of the last 
intermediate ring and the lead poured into it. As soon as the metal has 
hardened, the trowel is placed between the counter-die ring and the 
last intermediate ring and the latter lifted off. The sand which is hard 
by this time, can be cut down with a trowel and the pieces brushed or 
blown away. The counter-die ring of suitable size is selected that best 
fits the case. We try to have the counter-die extend at least from 
3 to 1 inch beyond the outside of the die. The metal is then poured 
into this one, and the process is repeated. ‘This time it will be neces- 
sary to remove the first intermediate ring and the sand again cut down 
to the point desired, preferably to the plate outline. 

Two counter-dies are always poured to the full plate outline, and 
one is retained for doing the final swaging on the Babbitt’s metal die. 
The third counter-die will fit the Babbitt’s metal die very accurately if 
one blow of the hammer is delivered on the Babbitt’s metal die before 
we begin swaging with this last counter-die. As the counter-die and 
the intermediate rings are turned with a flat surface, we do not have 
leaking of the metal of the counter-die between these, as almost always 
occurred in the old method of just building sand around the die without 
confining it in an iron ring and then forcing a casting ring into it to 
hold the metal of the counter-die. 

Do not fill the counter-die rings to overflowing, as it will be difficult 
to remove the counter-die from the ring unless we use a cold chisel 
and this will mar the smooth surface and invite leaks of metal in future 
operations. Counter-dies can be cooled in water immediately upon 
pouring but care must be taken to protect the hands and eyes as the 
hot water splashing from the dies produces very nasty burns. A 
Babbitt’s metal die or a zinc die should not be put in water while hot 
as this cracks it and spoils the die when we start swaging on it. 
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LOW-FUSING ALLOY DIES AND COUNTER-DIES FOR SPECIAL USE. 


Now and again, the so-called fusible metals can be advantageously 
used for making dies and counter-dies. Dies for small plates to be 
made of thin, soft, high carat gold, may be made of these low-fusing 
alloys cast into plaster or Moldine impressions, saving not only time, 
but the expense and trouble of melting the less fusible metals. In 
repair work, the low-fusing alloy may be cast upon a gold, silver or 
vulcanite plate with perfect safety. A low-fusing alloy counter-die 
may, in some cases, be cast upon a plaster cast direct; making the 
counter-die first and the die being made by using the counter-die as 
an impression. 

While dies and counter-dies of low-fusing alloys are not hard enough 
for serious work in swaging, and are too brittle to withstand heavy 
hammer blows, they, nevertheless, serve a useful purpose for forming 
soft and pliable metals. Instead of using a hammer, the swaging 
may be done between the jaws of the bench vise, or in the Pryor 
swager. ‘lo get the best results with low-fusing alloys they should 
not be overheated, nor yet poured when quite fluid. Just before setting 
they assume a plastic condition, and then make a harder and smoother 
die. In order to prevent the two dies from uniting when both are made 
of low-fusing alloy, the first cast should be quite cold, and the alloy 
used in making the second casting should be as cool as it can be poured. 
Painting the surface with whiting is helpful but unnecessary, if proper 
care is observed. The writer has successfully used a method described 
by Dr. Tench in the August, 1926 issue of the Journal of the American 
Dental Laboratory Association, and quoted in extenso in Chapter XII. 
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CHAPTER’ XI. 
SWAGED METAL PLATES. 
By EDWARD KENNEDY, D.D.S. 


THE swaged metal plate! has many advantages over the cast plate, 
although for some years it has seemed as though swaging may become 
a lost art. It is thinner than a cast plate of the same tensile strength 
and has the advantage that if it does not fit tightly in any one spot it 
can be bent or reswaged. It is denser and does not present any 
porosity as does the cast plate. It can be made of various alloys and 
various combinations of alloys to suit the case in hand. 

Swaged plates are sometimes made of aluminum, of silver and of 
gold in the form of its various alloys with copper, silver and platinum, 
each of which imparts a different character to the plate. They are 
also made of platinum, iridio-platinum and palladium and silver. The 
last-named alloy is proving very satisfactory. Recently the writer 
has had under observation some plates made of stainless steel, which 
are also satisfactory, although they are difficult to swage. 


DIE AND COUNTER-DIE METHOD OF SWAGING. 


In swaging a plate it is necessary to provide the proper dies and 
counter-dies, or a device with which to press the plate. 

With the die and counter-die method it is necessary to have a good 
zine die and a good Babbitt’s metal die and four or five counter-dies. 
The zinc die is used to do the heavy swaging. 

As there is a certain amount of contraction in the zinc die which may 
prove of advantage in a soft mouth, the plate should be tried in the 
mouth as it is being made upon the zinc die. If it fits, no further swag- 
ing is necessary. If it does not fit, it is swaged upon the Babbitt’s 
metal die, which exhibits no contraction or expansion, when the plate 
will generally be found to fit, especially if the tissues of the mouth are 
hard. 

The dies should be examined to see that there are no imperfections 
upon them, and if there are any, they should be corrected by grinding 
them off, if they consist of raised points upon the surface of the die. 
If the imperfections are depressions the only thing to be done is to 
remake the die. If one is making the old-fashioned plate with an air- 
chamber in it, the raised surface over which the air-chamber fits should 
be ground and polished. 


1 By the term ‘‘plate’’ is meant that portion of the denture which rests against the 
gum. It is also called the base. 
( 489 ) 
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The counter-dies which are made of lead or type metal, preferably 
lead, should be of the progressive variety: The first one covering the 
palatal surface only, the second extending just beyond the summit of 
the alveolar ridge, the third extending part way down the ridge and 
the fourth one extending to the plate outline but not beyond it. The 
fourth counter-die should be in duplicate so as to have an extra counter- 
die in case it becomes necessary to swage on the Babbitt’s metal die. 

In partial cases the first counter-die should cover the palatal surface 
only. The second should cover the palatal surface and that surface 
which is just over the ridge. The last one should extend to the plate 
outline. The type metal counter-dies are only necessary where there 
is a very deep arch or where clasp metal is being swaged, which is very 
stiff and hard to swage. 


Fic. 426.—Tin-foil pattern of a full upper denture flattened out and all large wrinkles 
removed; placed on stiff writing paper which is cut } inch larger all around. 


PATTERNS. 


A pattern of the metal to be used for the plate should be made of 
thick tin-foil. If absolute accuracy is wanted, the tin-foil should be 
of the same gauge as the plate. It should be placed upon the die and 
burnished in place with the fingers assisted by a rubber in the end of 
a lead pencil. The work should be done upon the die and not upon 
the model, as there is danger of marring the waxing on the model. 

When the pattern is trimmed to the plate outline (Fig. 427, A), it 
is flattened out and smoothed so it has no wrinkles (Fig. 426). It is 
then placed on stiff white paper and outlined with a lead pencil (Fig. 
426) ¢ inch larger all around to give sufficient surplus for swaging. 
Ifa ae chamber or strengtheners are being made extra, patterns are | 
cut for these (Figs. 427, A, B, C; Fig. 428 and Fig. 429). For partial 
cases where there are a number of scattered natural teeth the pattern 
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Fic. 427.—A, tin-foil pattern of full upper plate made on the die and not on the cast; 
B, pattern of air-chamber and strengthener combined; C, pattern for strengthener for 


’ the posterior edge of the plate. 


+ ae 


Fia. 428.—Pattern for partial lower plate supporting anterior and posterior teeth. 
The metal form is cut to the dotted line. 


Fic. 429.—Shaded portion shows the pattern for a partial vacuum plate where the : 
canine teeth alone remain. The inner dotted line is the pattern for a vacuum chamber 
as it is ordinarily made and as it should be when extended to the tuberosity to give 


rigidity to the wide flat plate. 
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will be irregular where it goes around these teeth and, in marking it 
upon the paper, do not run into these indentations, for the reason that 
when the plate is swaged the slightest deviations are liable to spoil 
the plate. ‘The small pieces of gold that run between the teeth will 
not be swaged exactly. The cutting out of the plate to provide for 
the teeth should not be done until the plate is nearly swaged and only 
when wrinkles are beginning to form at these points. 


FULL UPPER PLATES. 


Full upper plates are generally swaged of 18- or 20-carat gold of 
No. 28 gauge, and when reinforced the strengthening pieces are of the 


same gage. When an air-chamber is used, a thinner plate is permis- 


sible, No. 29 or No. 30 gauge. This is generally a silver alloy, but if 
great strength is desired the strengthening pieces can be made of 
clasp metal. The writer does not believe that air-chambers are neces- 
sary, and in fact are undesirable, due to the danger of their causing 
cancer. It is much the better method to simply cover the hard spots 
with wax, thinning the edges of this wax down so there is no appre- 
ciable thickness (Fig. 430). It is the sharpened edge of the relief 
chamber that caused the trouble in the old-fashioned plate. 


Fie. 430.—Method of preparing cast to form relief over hard spots. Also showing 
outline of strengthener if used as an air-chamber cap. The portion distal to the dotted 
line shows the shape of the strengthener if no air-chamber cap is used. 


After the pattern has been cut in white paper, it is placed upon the 
gold and outlined with a sharp instrument, and with a large pair of 
snips or shears the gold is cut to the shape of the enlarged pattern. 
The gold is then annealed to a cherry-red, 700° F., and plunged into 
cold water to soften it. All alloys of gold used for swaged plates are 
softened by plunging into cold water. This will produce an oxide on 
the gold which protects it during the further annealing. It is not 
necessary to plunge the gold into acid after each annealing unless a 
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low-fusing metal is being used for the counter-dies. The writer has for 
years swaged gold plates without pickling in acid excepting when 
just ready for solder, and never remembers burning one. 

Care should be taken not to have any mercury on the bench, as 
the slightest drop of mercury will spoil a gold plate. 

After annealing, the gold is bent to approximately the shape of the | 
palatal surface with the fingers, and then placed upon the die. It is 
sometimes recommended that a bone hammer be used to begin shaping 
the gold. The bone hammer should never be used on the palatal por- 
tion of the plate or on any portion of the plate unless its end is covered 
with rubber, as it will mar the plate and it will be impossible to polish 
these dents out of the surface. If a bone hammer is used, it should be 
covered with rubber such as a crutch end or the rubber cup which is 
sometimes placed over the end of a chair leg. When sure that the 
counter-die is in the proper position, a light tap with a 7-pound hammer 
will be sufficient to bring it to place. If the plate is not seated properly 
it will be necessary to change its position on the die. Do not attempt 
to swage the plate down with one blow until sure that it is in the 
proper position, or it may be found that the plate is short at one por- 
tion when the swaging is completed. 

When sure that the plate is in the proper position, it can be swaged 
with heavy blows, two or three being sufficient to drive it to place 
(Fig. 431, A). The next step is the use of the second counter-die which 
will turn the plate over the ridges (Fig. 431, B). If it should be 
noticed that wrinkles are developing, the bone hammer can be used 
to eradicate them. Care should be exercised not to fold the wrinkles 
over on themselves as it will be impossible to get a tightly fitting plate 
with such a fold. If it is impossible to get a wrinkle out of a plate, 
it will be necessary to split it (Fig. 481, C), cutting out sufficient material 
to allow the gold to almost come together and beveling these edges so 
that there will be only one thickness of metal. This will require 
some judgment. Another method of correcting this is to split the 
fold and allow the pieces of metal to overlap until the swaging is 
almost completed. The overlapped edges will mark each other, and 
they are very easily cut off. The slit is then soldered together with 
a minimum quantity of solder. Before soldering, however, clean the 
plate in acid solution, 50 per cent sulphuric acid with water. As 
mentioned above, it is not necessary to do this when annealing, but 
in annealing, the high degree of heat is not reached as in soldering and 
there is much less danger of alloying into the plate any particles of 
zine or lead that may adhere to the plate. 

After the second counter-die is used, follow with the third and then 
(Fig. 431, C) trim the plate exactly to the plate lime. The plate 
should be annealed after each swaging and when the third stage is 
reached select the fourth counter-die, which is a duplicate of the 
third, and place in it some cottonoid or sheet fiber cotton. This is 
moistened, placed upon the plate, which is in place on the die, and the 
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die is struck to drive it into the counter-die. This drives the sides 
of the counter-die against the die, and the moist cotton between, 
acting as a hydraulic filler, enables us to obtain a closer fitting plate. 
The swaging should be done upon the anvil. A convenient anvil 
may be made of a short section of a locomotive axle or a similar heavy 
piece of metal and set in a box of sand or a box filled with newspapers. 
If this is mounted on a car spring, its use imparts no shock to the 


building, and there is sufficient mass of metal in the anvil to resist the 


blow from a 7-pound sledge-hammer. 


Fic. 431.—A, gold plate swaged with first counter-die; B, gold plate swaged with the 
second counter-die turning the gold over the ridge; C, gold plate swaged with the third 
counter-die, showing it split at the heels of the plate where the wrinkles form; D, streng- 
ener swaged to be placed upon the palatal side where it adds thickness to the plate and 
assists the suction, especially in soft mouths; also allows the distal edge to be more 
rounding, which prevents the cutting of the tissues. 


When the die is removed from the counter-die, the plate sometimes 
sticks in the counter-die. This is due to the fact that the lead, coming 
over the edge of the plate, holds it. This will be obviated by the use 
of cottonoid, as mentioned above, or a sharp penknife can be used to 
cut off the little pieces of lead which force themselves over the edge of 
the plate. The plate should never be pried out of the counter-die, as. 
prying is liable to bend it. If it persists in sticking, take the counter- 
die in one hand and strike its flat surface upon the anvil and the plate 
will generally be dislodged. 

If strengthening pieces are being swaged, it is best to swage them 
first while the counter-die is new (Fig. 481, D). The same thing is 
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true of an air-chamber. If an air-chamber is used it is permissible to 
drive the plate down around the edges of the air-chamber pattern to 
make it fit more snugly, using for this purpose a chisel-like tool made 
of bone or copper and called a “chaser.” This should not be done on 
the chamber cap as the cap will be marred, and as the chamber cap 
is made of thinner metal than the plate, it is easier to swage. The 
air-chamber should be cut from the plate and filed very accurately to 
the outline. Care should be taken to file this edge parallel with the 
bevel of the air-chamber cap, so that when the two are soldered together 
there will be one continuous line from the plate to the bottom of the 
air-chamber. The chamber space can be cut out by means of a plate 
punch or holes can be punched near the edge and the metal sawed out 
with a bracket saw. 

After the metal is cut out the air-chamber cap is trimmed to shape 
and the edges beveled so that they present no sharp edges to the 
tongue. The plate is placed on the die, the air-chamber cap is placed 
over it in the proper position and a counter-die is carefully placed in 
position so as not to disturb it and a light blow of the hammer struck ~ 
to conform them to each other. Do not use heavy blows, as the plate 
will spread where it is cut out. 

The pieces are now ready for pickling and soldering. If the plate is 
made of two lamine of metal, one a thin one of pure gold and one a 
thicker one of 20-carat gold, each lamina is swaged separately, allow- 
ing the thin one to extend slightly over the edge of the plate outline. 
The thick one is trimmed exactly to the plate outline. The two are 
swaged together and the thin piece which extends makes a good shelf 
upon which to rest the solder when soldering. It is practically impos- 
sible to solder otherwise. 

The two-lamine denture is more often used in the lower than it is 
in the upper jaw, as the lower ridges are sometimes thinner and it is 
almost impossible to swage accurately to them unless two lamin are 
used. This makes a very heavy plate, however, and patients often : 
object to the weight of the denture. 

It is best to try the plate in after swaging it on the zine die. If it 
fits, no more swaging is necessary. If it does not fit, it is swaged on 
the Babbitt’s metal die. It sometimes happens that it does not fit 
even after this and in that event it will be necessary to make a new 
model with its dies and counter-dies. Before this is done, however, 
it is best to determine just what is wrong with the plate. Sometime 
nothing more is wrong than that it is not sufficiently post-dammed; 
that is, there is not sufficient pressure at the posterior edge. This can 
be determined by melting a little carding wax or modeling compound 
along the posterior edge of the plate and placing the plate in the 


-_ mouth. If adhesion is obtained the die should be ground with a stone 


over the area determined by the post-damming and the plate reswaged. 
If this is not the trouble, it will be necessary to place modeling com- , 
pound in other places. First determine whether the plate rocks on 
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the palate. If so, a new impression will have to be taken and this is 
best done by using the gold plate as a tray. If it does not rock, see 
upon which side it drops. Pressure on one ridge will cause it to drop 
on the other, which means that there is not sufficient pressure on the 
buccal and labial surfaces of the plate. This can also be corrected 
with modeling compound or wax, but in this instance, as in the case 
where it rocks on the palate, it will be necessary to pour a new cast. 
This can be done immediately on the inside of the plate, without 
taking a new impression. 


FULL LOWER PLATES. 


The swaging of a full lower plate is the same as the swaging of a full 
upper plate, but it will generally be necessary to split it in the median ~ 
line, on the lingual side, to the top of the ridge, to make the gold 
conform with the die, unless it is a case with a very flat ridge. Full 
lower plates are generally made of two lamin of metal. 


PARTIAL PLATES. 


Partial plates present many difficulties in swaging and it is best to 
make a study of the model and so design the counter-dies that the 
gold will be gradually worked into the interspaces between the teeth. 
If there is a tendency of the gold to wrinkle, it should be split before 
the wrinkle goes too far and forms a fold. Partial lower plates are 
generally made of two lamine of metal, one of a higher carat and a 
thinner gauge which goes next to the tissue. The thinner gauge, strange 
to say, 1s the most difficult to swage, as it is much more liable to 
wrinkle and tear than the thicker gauges of metal. If it should tear 
slightly at the edge of the plate, that need not cause any concern, for 
when we solder it to the thicker lamina, the solder will fill up the 
little crack. If the crack is too large, it becomes necessary to solder a 
piece of the same gauge gold over it to prevent the crack from going 
any farther. If a big fold occurs, the best thing to do is to split it, cut 
off the folded metal, bevel the edges of the split and flow solder over 
the split. 

When the first piece is swaged the second or thicker piece is swaged. 
Sometimes a strengthening piece is swaged to fit between the two 
thicknesses of metal, especially in a partial lower where the anterior 
teeth are present or in the case of a partial upper of the horseshoe 
variety (Fig. 432). These strengthening pieces are generally swaged 
of clasp metal of about No. 28 gauge in thickness or even as low as 
No. 30 gauge. They are placed in their proper positions and the three 
lamin are swaged together. Before doing this it is sometimes best 
to attach the strengthening piece with solder to the thinner piece of 
metal (Fig. 483, A and B). 
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Where the teeth are scattered there is sometimes great difficulty 
in swaging, and more so when an attempt is made to run the gold up 
on the lingual surfaces of the teeth. If there are only a few teeth, it 
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j Fie. 432.—Outline for an old-fashioned partial lower swaged plate with strength- 
- ener. This type is rapidly being superseded by the lingual bar and the double-bar 
dentures. 
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Fic. 433.—A, the first lamina swaged, No. 28 or No. 29-gage gold of 22-carat or pure 
gold. (This lamina should be slightly larger than the third one of No. 28 gauge 18 carat to 
allow a shelf to rest the solder on when soldering); B, the strengthening piece of clasp 
metal No. 29 or No. 30 gauge. 
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is best to terminate the plate at the gingival margin and then swage 
small pieces to fit around the teeth. These pieces are then soldered 
to the plate, and, finally, the whole plate is reswaged. 


SOLDERING. 


The soldering of a denture calls into play a good deal of skill. The 
parts should be pickled in dilute sulphuric acid (50 per cent) after 
soldering, and the plate washed to remove all traces of the acid. Next, — 
the parts should be fluxed with a saturated solution of borax and a 
saturated solution of boracic acid, equal parts. It is best to dry 
them with a gentle heat before placing them together, as the flux, if — 
it is not dry, will bubble and cause the laminz of the metal to be 
forced apart. The metal pieces are brought together and held by 
means of spring clamps. | 

These springs can be made of stove-pipe wire, twisting them around 
the beak of round-nosed pliers with the fingers (Fig. 484). They must 


Fig. 434.—Soldering springs or clamps. The ends should always cross to prevent open- 
ing when the flame of the blow-pipe is applied. 


be so made that they will close when the heat is applied to them. 
This is done by making the ends cross one another at one point; other- 
wise, they will open up in the flame and be useless. 

When we have a sufficient number of springs placed upon the plate 
to hold the parts together we cut the solder in small pieces, which, hav- 
ing been thoroughly fluxed, are laid around the edges of the plate 
on the thin piece of gold. Placing the plate on the soldering block, 
it is gently heated and the solder is drawn through from one side to 
the other. 

In soldering an air-chamber in an upper plate, it is best to place the 
solder at the back edge of the chamber and draw it through to the 
front. If the plate is clean and there is good contact and good flux, 
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there will be no difficulty in soldering. These are the requisites for 
soldering. 

The proper application of the heat should also be mentioned. It 
is desirable to start with a large brush flame, get the entire plate 
heated and then narrow the flame down slightly where we want the 
solder to flow to any one point. Never wave the blowpipe over the 
work. It should be moved gently to prevent any one point of the 
plate becoming overheated. 

After soldering, the plate is pickled to remove any borax or antiflux. 
Any excess quantity of solder is removed by filing or grinding and any 
surplus of gold trimmed away, especially in the two-lamine plates 
where the thin gold is trimmed down to the edge of the thicker. The 
plate is then reswaged to remove any distortion that might have 
occurred in the soldering. 

It is now ready for rimming or attaching lugs to hold the vulcanite. 
The writer has discarded rimming on the buccal and labial surfaces, 
as it is too difficult to determine just where the rim should go and he 
doubts the value of its retentive qualities. Also, if it is necessary to 
trim the buccal edge after the denture is settled, since the rim is very 
narrow, there is danger of cutting through it, leaving a rough and 
unfinished edge. With casts made from models obtained by the cur- 
rent method of modeling compound impression taking, the plate is 
not swaged up to the very edge but terminated about 4 inch from the 
plate margins. ‘This is filled in with the rubber, which when vulcan- 
ized gives a very accurate fit at the peripheral margin and also better 
adhesion. The writer has made many full gold dentures that have 
held the vulcanite for years with no other attachments than the 
spurring done with an engraver’s tool. In partial plates attachments 
_ will have to be made to hold the rubber. These are generally made of 
little loops of metal soldered to the plate. 

Rimming on the palatal side and attachments are described in a 
subsequent portion of the text under the Pryor method. 


A TECHNIC FOR MAKING ACCURATE DIES FOR THE SWAGING 
OF METAL DENTURE BASES.! 


“The metal base denture has not enjoyed the universal approval 
_ of the dental profession in the last decade. There have been many 
who have asserted that metal base dentures cannot be depended on 
to exhibit as good retention as vulcanite base dentures. This opinion 
was held by the writer up to about 1920, when he had the privilege 
of seeing the method of making dies described in this article demon- 
strated by Dr. C. J. R. Engstrom, of Los Angeles. Since that time 
the writer has utilized this technic in constructing metal base dentures 
with the most gratifying results. 


1 Tench, R. W.: Jour. Am. Dent. Lab. Assn., August, 1926. 
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“In the past unfavorable results encountered using swaged bases 
were due, no doubt, to the impossibility of accurately reproducing the 
contour of undercuts and to the tendency of the metals utilized for 
dies to deform on cooling. When undercuts were present the metal 
base would usually be warped by forcing it off the die, and the die 
itself usually did not accurately reproduce the contour of the cast 
which it was supposed to duplicate. 

“The two outstanding features of the technic to be described are 
the sectional method of making a mold in which to cast the die and the 
use of a low-fusing die metal. 

“The sectional mold permits the reproduction of all undercuts 
present in the model, as well as the production of any number of 
dies desired in any chosen material. The utilization of fusible metal 
for a die, at least for mouths presenting undercut contour, permits 
of the die being melted out of the finished base and eliminates the 
possibility of warping the base in slipping it off the die. 

“The sectional mold is made of equal parts of Standard investment 
and Kerr’s Snow White plaster or of 2 parts of river sand and 1 part 
of plaster. 

“The die may be cast of any alloy, which neither expands nor con- 
tracts, fusing below the boiling point of water. The writer uses 
Ney’s Dialoy or a combination of Ney’s Dialoy and S. 5. White’s 
Melotte’s: One ingot of Melotte’s to 6 of Dialoy will yield a some- 
what harder die when this is wanted. 

“Tt is assumed that the cast of the mouth has been prepared by 
building on wax for necessary relief and coated with sandarac. 

“The technic of making the sectional mold can be best understood 
by studying the illustrations that follow. 

“Fig. 435 shows pieces of compound covering the right and left 
bucco-labial sections of a cast. These are shaped to interlock in 
front and to cover the crest of the ridge. 

“Fig. 436 shows the palatal section of the three-piece mold cast in 
porous material. The center of this section.is scooped out so that the 
palate of the cast is covered by a layer about § inch in thickness. 
The shoulder in the scooped out part of this section supports the 
cardboard cover and brass tube shown at the right. The cardboard 
and tube are best attached with plaster of Paris to the palate section 
of the mold after all sections are complete and they have been removed 
from the cast. 

“When the palate section is hard one of the compound side sections 
is carefully removed. The exposed surfaces of the palate section of 
the mold are smoothed with a sharp knife and coated with sandarac, 
then polished with cotton and vaseline or treated with some other 
suitable separating medium, following which the second section of 
the mold is poured. . 

“ig. 437 shows palate and one side section of mold poured, ready 
for application of the separating medium and pouring of the third 
section of the mold. 
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“Fig. 438 shows the three sections of the mold removed from the 
cast reassembled and held together by a stout rubber band. 


* 


e 


Fie. 435.1 


Fic. 436. 


* Fig. 439 shows detail of the chamber formed in the palate section 
of the three-piece mold. When casting metal dies a rubber hose is 
attached to the brass tube and connected to the saliva ejector. The 

vacuum thus formed in the hollow chamber of this piece of the mold 
allows escape of the gas that would be trapped in the palate portion 


1 Figs. 435 to 444 reprinted from Tench’s article in the Dental Forum, through 
courtesy of Miller-Roth, Inc., Pittsburgh, Pa. 
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Fia. 489. 
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of the mold when the fusible metal is poured. The use of the vacuum 
as described is necessary to avoid a rough or pitted surface on the 
palate of the fusible metal die. 


Fig. 440. 


: Fig. 441. 


Fig. 442. 


_“ Fig. 440 shows a Spence metal die which was cast from a three- 
piece mold. When casting Spence metal the surfaces of the mold are 
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coated with vaseline. It is not necessary to employ any vacuum in 
casting either Spence metal or stone in these molds. 

“Fig. 441 shows a Dialoy die of an irregular and undercut cast. 

“Fig. 442 shows a metal base for the case swaged over a fusible 
metal die and returned to the model. After prominent interferences 
had been removed that prevented the seating of the base on the cast 
without warping, the base rested dead against the cast and exhibited 
less than zp inch error in peripheral contact at any point. A 
duplicate of this base in Pryor metal has been worn eight months 
and the patient ehas always experienced difficulty in dislodging it for 
cleansing. Previous to the. insertion of the denture mentioned this 
patient had had made by various dentists two cast-base dentures, 
one swaged base, one gold-coated vulcanite and two vulcanite den- 
tures, none of which could be retained without adhesive powder. 


Fig. 448. 


“Fig. 443 shows the press designed by Dr. W. J. Pear of Cleveland, 
which the writer uses in swaging metal bases. 

“Fig. 444 shows, at left, the cup of the Pryor swager with a lower 
Spence. die swaged into compound in the cup of the swager. At the 


right is the plunger of the swager with Ash’s soft rubber block resting 


on top of the plunger. 
“In conclusion, let me say that it is possible for a careful technician 
to make comfortable, accurately fitting, swaged metal base dentures 
for at least 90 per cent of edentulous patients, with all the advantages 
of comfort and oral health heretofore ascribed to the swaged metal 
base by the leading technicians of the past. Dentures made with 
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swaged bases are certainly to be preferred to those of cast metal or 
vulcanite, both from the viewpoint of oral health, comfort and con- 
servation of ridge tissue.” 


Fie, 444. 
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“That the soft tissues within the area covered by an artificial den- 
ture remain more nearly normal if a metal base-plate is worn, is a fact 
which has been noted by many observers. This is due to a property 
possessed by nearly all of the metals, namely, an inhibitory action 
on bacterial growth, and also because the dense surface which a 
metal base-plate presents permits it to be more easily and thoroughly 
cleansed. The unfavorable action on bacterial growth ranges all the 
way from a definite germicidal action in the case of mercury, to a 
very slight inhibitory action with the noble metals. Various metals 
have been used for denture base-plates. Among them are platinum, 
palladium and gold and their alloys; silver, aluminum and some of the 
baser metals to a small extent. Gold alloys both swaged and cast 
have in the past been accepted as being most satisfactory. However, 
some alloys which have been little used, while having all the good 
qualities possessed by the gold base, exhibit some marked advantages 
over gold. 

“Tn the writer’s hands an alloy of palladium, 4, and silver, 2, has 
shown exceptional merits. It is very strong, permitting its use in 
thinner gage than gold. Its weight is only slightly more than one-half 
that of gold, making a much lighter denture. Its silver content has 
marked inhibitory action on bacterial growth, as shown in laboratory 
tests. It polishes to a beautiful white luster and retains its color in 


1 Pryor, W. J.: Jour. Am. Dent. Lab. Assn., August, 1926. 
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the mouth, due to the palladium content which prevents the discolo- 
ration by sulphur compounds, to which silver alone is subject (Fig. 
445). 

“The technic for its construction is as follows: A modeling com- 
pound impression is made from the original cast, and a second cast 
of artificial stone is poured. If the original cast has marked undercuts, 
cores, also of modeling compound, are used to obtain an accurate 
impression. ‘The swaging is done on this second cast, which is coated 
with a solution of flexible collodion to prevent chafing or marring of 
the surface. The old type Lyon swager, improved to provide more 
room and greater strength, is employed. The swager is a double 
screw (one inside the other) press (Figs. 448 and 444), one screw forc- 
ing the piston into the ring and the second screw passing through a 
hole in the piston directly into the rubber, an Ash soft-rubber block 


Fic. 445.—Finished plate with vulcanite attachment for holding teeth.! 


being used. The stone cast is pressed into soft modeling compound 
well down in the ring (Fig. 444). The case is put into the swager 
while the compound is still soft, and fair pressure is applied until the 
water and air bubble out between the piston and ring. The pressure 
is not relieved until the compound has cooled. (This is an important 
step if we are to avoid breaking the cast.) The compound is in this 
manner condensed around the cast, preventing any breakage. 

“A flat piece of No. 29-gauge metal, cut to pattern and annealed, is 
placed over the cast and held in proper position with a small amount 
of modeling compound at the edge. Quenching in cdld water is not 
recommended in annealing this metal. Cooling on the bench, or, 
after a moment’s wait, in warm water, produces better results. The 
case is placed_in the swager and screw pressure applied. If the metal 


1 Figs. 445 to 449 reprinted from Pryor’s article in the Dental Forum, through cour- 
tesy of Miller-Roth, Inc., Pittsburgh, Pa. 
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shows a tendency to buckle over the undercuts, cut it and let it lap 
over, and continue swaging with frequent annealing. The metal is 
soon shaped and the overlaps are soldered with low-fusing platinum 
solder, the overlapped edge of metal having been previously beveled 
(Fig. 446, A). A reinforcement of 28-gauge metal is swaged over this 
base and cut to proper size and shape to make the stopping point (or 
line) of the vulcanite at the lingual side of the teeth (Fig. 446, B). 
The edge of this doubler is raised at its periphery to engage the vul- 
eanite, by swaging three thicknesses of Ash’s No. 7 soft metal over 
the base on the cast, and cutting the lingual region out so that the 
soft metal extends 1 to 2 mm. under the edge of the reinforcement at 
its last swaging. The center of the reinforcement is cut out, using an 
edge cutting finishing bur (Fig. 446, C), and it is soldered to place on 
the No. 29-gauge base. This center piece is not cut out entirely, how- 
ever, until after the reinforcement is tacked in position with solder. 
It is left attached at two or three points to facilitate holding the piece 


A B G D 
Fia. 446.—A, base of 20-gage metal, showing rugze; B, reinforcement also bringing 
out the natural rug; C, the part of the reinforcement which is used; D, the part of the 
reinforcement which is discarded. 


in place. If the technic is correctly followed no solder should show in 
the finished case. This is made possible by burnishing the edge of 
the reinforcement down onto the base before the soldering is continued 
from the underside. ‘This leaves but one thickness of 29-gauge metal 
over practically all of the palate portion of the denture. A number of 
lugs are now soldered on the base for vulcanite attachment (Iigs. 447 
and 448). : 

“The original cast is, as the last step in the technic, placed in the 
swager and the final swaging done on it to correct any possible dis- 
crepancies. The free edge of the reinforcement is held in place during 
this last swaging by flowing sticky wax between the base and the 
reinforcement, which prevents it from being swaged flat down onto 
the base. This reinforcement has a much desired characteristic of 
being readily adjusted up or down to meet the lingual wax at the 
proper contour. 

“Tn this technic no metal die or counter-die is used, and no ham- 
mering is done at any time. The ruge of the particular mouth being 
fitted, are brought out distinctly in the metal base, and the denture 
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when completed is very thin and light in weight. It is cool in the 
mouth, natural feeling to the tongue and the tissues covered by it are 
| kept in good tone. 

| “We also often use a slightly more complicated technic in con- 
| structing the lingual reinforcement, which carries the metal right up 
to the porcelain teeth (Fig. 449). This produces a more beautiful _ 
| case and insures having the proper contour to the rug area. This 
area, 2 to { inch backward from the anterior teeth, is where the tongue 
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Fia. 448.—Swaged plate, lingual view. 


plays on and near the hard palate in producing many sounds. (Try 
this out on yourself by saying the letter “S,” the word “church,” etc.) 

“Study the shape of this area by taking compound impressions of 
mouths with the natural teeth in place, and obtaining plaster casts. 
| It is a very important area, and is seldom reproduced properly. In this 
technic we first finish the base of No. 29-gauge metal, obtain central 
occlusion, set up the teeth and carve the lingual contour. 

“Next take a plaster impression of the entire lingual aspect, includ- 
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ing the teeth up to the occlusal surfaces; remove this plaster impres- 


sion and varnish (sandarac) it, chill the wax and remove the teeth 
from the base in two or three wax sections and lay them aside in cold 
water for future replacing on the base. | 

“The plaster impression of the lingual surface is placed on the base, 
and a mix of stone is packed in from the sides into the space formerly 
occupied by the wax and the teeth. The base is now carried to the 
“master cast,’ which has been previously placed in the swaging ring, 
and more stone is packed in, to carry it out to the sides of the ring 
for strength. ‘This stone is left to harden overnight and the plaster 
lingual impression is removed, revealing a reproduction of the teeth 
and lingual carving in stone. The lingual metal, No. 28 gauge, is now 
swaged and burnished to this surface. Three strips of metal may be 


soldered together for this lingual piece, if we wish to economize with 


our metal. 


Fic. 449.—A swaged plate showing lingual reinforcement running up to the edge of the 
; teeth. 


“The upper surface of this stone reproduction of the lingual portion 
is now slightly heated with a blow-pipe so that it can be removed. 
The lingual metal is soldered to place on the base. We again use 1000 
low-fusing platinum solder, and use a slate pencil with a weight lean- 
ing against it to hold the lingual piece in place on the base until it is 


tacked with solder. The slate pencil being a non-conductor does not 


carry away the heat from the work, which must be very hot in using 
this solder. 

“In this technic the solder is applied in view on the lingual surface, 
as its color is excellent and does not discolor in the mouth. After the 
lingual piece is soldered to place the final swaging is done, first packing 
in stone between the lingual piece and the base to hold the lingual piece 
up in place under the swaging pressure. This stone, of course, must 
be allowed to harden at least twelve hours before the final swage.” 


CHAPTER XIII. 
CASTING METHODS FOR METAL BASE DENTURES. 


By GEORGE H. WILSON, D.DS. 
REVISED BY 


I. LESTER FURNAS, D.D.S. 


TuERE are four physical principles usable in dental casting methods, 
namely, gravitation, centrifugence, vacuum and pressure. 

There are three metals with various alloying metals used for dental 
castings. The metals suitable for dental castings are tin, aluminum 
and gold; the alloying metals are silver, copper, bismuth, nickel, 
magnesium, platinum and palladium; also tin and gold are sometimes 
used for alloying. . 

The necessary material and equipment for casting consist of suitable 
investment compounds, waxes, fluxes, instruments for forming the 
wax, and machines for heating and casting. The machine and equip- 
ment suitable for each of the three metals for casting will be considered 
in connection with the technic for the same. 

Necessarily each method has its technic and each metal its properties 
that need to be considered in detail. 

Gravitation Method.—Gravitation—weight—does not imply that the 
heavier metals are suitable for this method for they are not, but a low 
fusing-point of the metal used is the essential factor for this method 
of casting. Tin (and its alloys) is the one metal suitable for this prin- 
ciple of casting. 

History gives credit to Dr. Edward Hudson of Philadelphia (1820) 
as being the first to attempt casting denture bases of tin; however, 
the method was not successful until Dr. A. A. Blandy of Baltimore 
presented his method to the profession in 1855. All later methods 
devised have been developed upon the Blandy method. His alloy 
was silver, bismuth and antimony, but the tin alloys soon followed 
and were accepted. Blandy called the method “Cheoplasty” or pour- 
ing method. The alloys of tin that have been used by the profession 
are: Kingsley’s alloy, tin 16 parts, and bismuth 1 part; Reese’s alloy, 
tin 20 parts, gold 1 part and silver 2 parts; Bean’s alloy, tin 95 parts 
and silver 5 parts. Watt’s and Weston’s alloys are proprietary prep- 
arations, but are the ones purchasable and are probably similar to the 
alloys of Bean and Kingsley. 

The tin base denture is better adapted to full lower dentures than 
for any other; however, Reese’s alloy was advocated for partials and 
upper as well as for lower dentures. 

( 510.) 
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Technic.—The necessary equipment for this work is a two part flask 
(Watt’s) (Fig. 450) and a small ladle or large spoon. Any good high 
heat investment compound will serve for this work. In addition to the 
wax spatulas and heating appliances found in any dental laboratory, 
a wax sprue former (Fig. 451) and a special heating apparatus as 
shown in Fig. 452, are very valuable additions. 
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Via. 450—Watt’s casting flask. 


Fig. 451—Wax sprue former. 


The cast made by filling the impression must be of investment com- 
pound. The pattern base-plate may be formed of any good casting 
wax. The wax additions to the base-plate, as the thickened periphery 
and retainer cleats, are best formed of yellow wax. These additions 
may be formed of a strip of wax, but better with a wax sprue former. 
The peripheral border may be outlined with wax formed by the large 
oval wax nozzle, or the nozzle may be left off and a still larger round 
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wax may be formed. ‘This will give sufficient material to form the 
border as desired by the aid of a hot wax spatula and small carving 
knives, as 1 and 2 of the Evans’ set. The retaining cleats are best 
formed with wax formed with one of the small nozzles. ‘The wax model 
must be thoroughly sealed to the cast. This is done with the hot wax 
spatula. | 

Fig. 453 shows the cast and wax model base-plate flasked in the first 
half of the flask. It also shows the pouring sprue and the vent sprue 
formed of wax. These wax pouring and vent sprues are unnecessary 
as the desired openings can be carved from the investment when the 
flask is opened for removing the wax model. 


Fic. 452.—Sargent electric warming oven. 


The investment, having been trimmed smoothly to the periphery 
of the wax model, is treated with any good separating fluid. The writer 
prefers, as a separator, for all kinds of flasking a lather of soap, as no 
line of demarcation is needed and there is less body to the soap than 
to the varnishes. A lather rubbed up with a wet brush on a cake of 
Ivory soap is best. (Should one fail to get good results with the soap 
he should thereafter apply the lather more generously.) The upper 
section of the flask is firmly bolted in place and the wax model mois- 
tened so as to aid the investment compound flowing perfectly to its 
surface. The investment compound is smoothly mixed, not too thick, 
a portion poured into the flask and thoroughly jarred into position. 
When the flask is full it is permitted to stand until thoroughly hard 
(one-half hour). The bolts are removed and the flask placed in a 
warm place to soften, but not to melt the wax model. The Sargent 
Electric Oven set for 220° F. (Fig. 452) is most excellent for this pur- 
pose. About ten minutes will be required for this warming. The 
Interval Timer (Fig. 454) is useful for timing. ‘The flask is then opened 
and the wax lifted out bodily. The small portions used for forming the 
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retaining cleats may be left; no attention need be given to these as 
they will be dissipated in the drying out process. 


Fic. 453.— Wax base-plate flasked. 


It is essential that the investment compound shall be so dried of 
moisture that no steam may be formed in pouring molten metal of 
400° to 500° F. into the mold. However, should there be a slight 
bubbling of the poured metal, indicating that steam is being formed, 
the flask should be grasped by the handle and carefully jarred until 

33 . 
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the metal solidifies. The drying out can be done upon-a piece of sheet 
iron upon the gas stove, or upon the R. & R. Radiant heater (Fig. 455). 
The case should be well dried in one-half to three-quarters of an hour. 
The two sections are bolted securely together, the handle inserted, 
and the metal thoroughly melted, that is, from 50° to 100° F. above 
its fusing-point. The molten metal is then poured into the feed gate 
until it appears at the vent gate, and as before stated if any bubbling 
appears the flask should be gently rapped upon the bench until the 
metal congeals. The flask is permitted to stand until it can be handled 
with the bare hands when it may be placed in cold water and left until — 
the investment is soaked and softened. The flask is opened and the 
casting scrubbed clean of investment. The gate metal and any excres- © 
cences not desired are cut away with nippers, saw or file. The peri- 
pheral portion is finished with file and sand-paper and tried in the 


Fic, 455.— Ransom and Randolph radiant heater. 


mouth. If the casting is satisfactory it is ready for its superstructure 
of vulcanite attachment. 

Centrifugence, Vacuum and Pressure.—These methods are all suitable 
for the two remaining metals, aluminum and gold; however, each 
method has its advantages and disadvantages. 

Centrifugence is the force which is developed by matter revolving 
about a rotation center which is exerted toward throwing the matter 
off at a tangent from the rotation path. This power is proportional to — 
the velocity and weight of matter. The principle has the advantage of 
great simplicity, as an effectual machine may be formed by a basket 
swung at arm’s length; or gear wheels may be utilized to shorten the » 
radius and increase the velocity. This principle is dangerous because 
of the possibility of accidentally throwing the molten metal out of the — 
machine. 
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A vacuum is produced by the exhaustion of air from an enclosed 
space, and the power is the weight of the column of external air com- 
pared with the degree of exhaustion of the confined air. Therefore the 
vacuum machine is a modified form of the pressure machine. Its 
advantages are that the method permits the application of heat while 
the force is acting, if desired, and it admits observation of the disap- 
pearing metal. Its disadvantages are that its power is limited (but 
enough for practical use), and its force is forward, very little lateral 
or backward; however, this disadvantage can be practically overcome 
by manipulation. This disadvantage and the method of overcoming 
it is nicely illustrated in. the instructions given by the Ransom & 
Randolph Co. for the Laing method with the Elgin Casting Machine 
(Figs. 456 and 457). 


Fic. 456.—The old way. Pressure Fie. 457.—The new  Laing-Elgin 
equalized in the mold, preventing rise of method. Downward pressure centralized 
molten metal. Top of investment sealed— by porcelain crucible. Metal follows 
pressure concentrated. (Ransom & Ran- channel in mold in all directions. Top of 
dolph Co.) investment sealed — pressure concen- 


trated. (Ransom & Randolph Co.) 


Pressure principle. This has the greatest range of application and 
power. ‘The pressure may be created by compressed air or other gases, 
steam or explosions. The advantages of this principle are that the 
power is unlimited and may be continuous if desired, also it acts to 
force the molten metal in every direction and holds it under pressure 
as long as desired. The disadvantages are that the heat must be 
removed, the compression tends to cool the metal and the molten 
metal is out of sight. Fig. 458 shows the perfection with which molten 
metal is forced in every direction under direct pressure. (Cast by a 
Burns’ Machine, 13 B. & S. gauge 1 inch downward and 93 inches in a 
spiral upward. Ney-Oro “B”, melted with gas and air, 15 pounds 
pressure. ) 

Investment compounds. The investment compound in which 
aluminum or gold is to be cast should be of high grade, that is, one that 
will stand a high temperature, does not shrink, but rather expands, is 
as good a conductor of heat as possible, does not contaminate the 
molten metals, and has sufficient resistance to force to withstand the 
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necessary pressure used in casting. Also it must be sufficiently porous 
to permit the escape of gases. The materials that have been used and 
some of which are in all investment compounds are: Plaster of Paris 
(calcium sulphate), lime (calcium carbonate), marble dust and chalk 
(both calcium carbonate), clay (aluminum oxide), fire clay (silicated 
clay), asbestos (silicate, magnesium and calcium oxides), Portland 
cement (silicated lime and clay), pumice (volcanic scoria), sand (silica), 
graphite (carbon), and iron oxide. ‘The last three are of the more 
refractory materials and these are in the order named. 


Fic. 458.—Casting made by the direct pressure principle. 


Plaster of Paris is a necessary ingredient of all investment com- 
pounds because it is the only one that has suitable bond properties. 
Portland cement is very slow setting. However, there should be no 
more of the bond material than is necessary for the desired strength. 
Plaster of Paris shrinks badly under heat and fuses at a red heat. Any 
of the compounds of aluminum oxide or of calcium oxide shrink under 
heat. Quartz (silica) has the valuable property of expanding under 
heat and is the best conductor of heat of any of the materials entering 
into high heat investment compounds. Silica may be used in the form 
of crushed quartz (best) or as clean fresh water silica sand. Sea sand 
is unsuitable for investment compounds unless it is freed of all fluxional 
sea salts. Fire clay and similar substances must be first thoroughly 
burned and crushed. Therefore, most of the investment compounds 
upon the market are formed of the bond (plaster) and silica. A portion 
of the silica is used coarse (sand) as the framework of the compound, 
and a portion of the silica is used as a fine powder (flour) to act as a 
filler and to give a smooth surface to the investment. The writer 
does not comprehend the desirability for the use of graphite and iron 
oxide in investment compounds; however, they are used and especially 
graphite is used in some of the most popular compounds upon the 
market. 

The undergraduate student, for whom this discussion of materials — 
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is presented, is not supposed to prepare his own investment com- 
pounds, but to use the compounds recommended in the technic he is 
studying. However, he should know somewhat of the properties of 
the probable ingredients of the compound he is using, so that he may 
use the compound intelligently and be able to trace faults to their 
proper source, whether the defective result is due to the material used, 
technic procedure, or his personal equation. It is only from a just 
comprehension of all three of these sources of imperfect results that the 
student can best qualify himself.! 7 
Waxes.— Wax is a general term applied to solid fatty substances 
obtained from all three of the kingdoms of matter. The general 
properties of the substances called wax may be stated thus: They are 
solid or semisolid substances; are easily broken when cold, but at a 
moderate heat are soft and pliable, and fuse at a temperature below 


212° F. They have a peculiar glistening appearance, are lighter than 


water, are insoluble in that fluid and in cold alcohol, but dissolve 
readily in ether; they are combustible, burning with an illuminating 
flame, and are non-volatile. Beeswax is an animal secretion formed 
by bees from sugar, and is the material of which the honey-comb is 
formed. It is obtained by expressing the honey and fusing the residue 
in water. In this state it is of a yellowish color (Cera flava). It may 
be bleached, so as to form white wax (Cera alba), by being exposed in 
thin slices to the action of solar light. The yellow wax is firm, breaking 
with a granular fracture, melts at about 175° F.; is insoluble in cold 
alcohol, but dissolves in oil of turpentine, ether or chloroform. It is 
of a complex formation, and a number of derivatives are obtained 
from it. CusHo.02 is considered as its general composition. Vegetable 
wax may be obtained from several varieties of plants, but has no place 
in casting waxes. Mineral wax is a natural material known as “ozo- 
cerite,”’ and is a waxy translucent mixture of paraffins of coal formations 
The paraffins have a chemical formula of C,H», +5. The manufactured 
mineral wax (paraffin) is a by-product of the distillation of coal and 
petroleum, and is used in combination with beeswax for casting waxes. 
The form of wax often used in the dental laboratory known as sticky © 
wax is a combination of waxes and a resin. Such waxes should never 
be used in forming wax models for metal castings, as the resinous gums 
leave a residue from the disappearing wax model that is detrimental, 
producing a roughened surface upon the metal casting. Casting waxes 
are combinations of hydrocarbons and can be entirely dissipated by 
heat. Any wax that leaves a residue should be discarded for another. 
The residue left from the disappearing wax is a carbon compound, and 
is detrimental to the metal casting, especially those of aluminum. 
Often when an aluminum casting is taken from the investment an odor 
of garlic may be noticeable. The student may suspect arsenic. How- 


1 The student can find a most excellent discussion of investment compounds, waxes 
and fluxes in Peeso’s Crown and Bridge-work, Second Edition, Lea & Febiger, Pub- 


lishers, Chapter XVIII, written by Louis J. Weinstein. 
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ever, arsenic is not an associate of aluminum, but the odor is evidence 
of the action of a carbon compound upon the metal; and if the surface _ 
of the aluminum is burnished, in the finishing process, it will be found 
pitted. This odor implies that a change of wax or technic is indicated. 

Casting waxes may be tested by melting a portion of the wax upon 
a slab of investment compound and then gradually heating the slab to a 
dull red heat without permitting the waxed surface to come in contact 
with a fame. The wax that leaves the cleanest surface is the preferable 
wax for metal castings. The casting waxes are put up in calendered 
sheets of thickness of 32 to 16 (B. & S). gauge. The thin wax is for gold 
and the thick for aluminum. 

Fluxes.—The noble metals have the undesirable property of occluding 
the oxides of the base metals thereby causing the noble metals to 
become sluggish, dirty and degenerate. Some of the salts of the alka- 
line metals, as the borates and carbonates, have a much stronger 
affinity for the oxides of base metals than has the noble metals, therefore 


they are used to flux the noble metals and for cleansing or washing 


out the occluded oxides. These salts of the alkalies are called fluxes. 
No alkaline flux is suitable for aluminum as it is a base metal and itself 
soluble in the alkaline metals. Hence aluminum that has been melted 
repeatedly is too dirty and sluggish to make a good casting and should 
be discarded. There are no alloys of aluminum that have proved 
successful for denture castings. The purest metal only should be used. 
The alloyed metal soon disintegrates in the fluids of the mouth, 
whereas the alloyed gold should be thoroughly cleansed with and 
after every fusion. Copper is the one base metal that is used in the 
gold casting metal, and is most valuable as a constituent, but its oxide 
is detrimental as are all other base metal oxides that have an affinity 
for the noble constituents. It seems to the writers illogical to use iron 
oxide in an investment compound because of its affinity for both gold 
and aluminum. 

Aluminum as a Casting Metal Physical and Chemical Properties.— 
It is a silvery white metal with the following properties: Sp. gr., 2.09; 
fusing-point, 657° C., or 1215° F.; specific heat high, lineal expansion 
exceeded only by zinc and lead, thermal conduction between gold and 


zine, good tensile strength, very flexible, almost no elasticity, about 


as hard as copper, nearly as ductile as copper, and nearly as malleable 
as gold. It is electropositive to all other metals used in the mouth, 
therefore the metal is destroyed if a voltaic couple is formed. This 
property and a lack of rigidity unfits it for partial dentures. The 
impurities of aluminum are iron and silicon. The Aluminum Company 
of America gives the composition of their No. 1 grade as: Silicon, 
0.30; iron, 0.15; aluminum, 99.55 per cent. Also their No. 2 grade as 
containing 2 per cent each of silicon and iron. Its natural solvent is 
hydrochloric acid; the other mineral acids have little or no action 
upon it. Solutions of caustic alkalies, chlorine, bromine, iodine and 
hydrofloric acid act readily and corrode the metal. It withstands the 
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action of organic secretions better than does silver. Therefore it is used 
for dentures, for surgical instruments, and for articles subjected to 
earbolic acid or other organic antiseptic solutions; but solutions of 
mineral salts should not be used upon it. It-is not injured perceptibly 
by the salt and vinegar used for culinary purposes. 

The first casting of aluminum base-plates is credited to Dr. J. B. 
Bean of Baltimore in the sixties of the last century, but the method 
was not a success until Dr. D. D. Campbell of Kansas City, Mo., | 
published his “Cow-Bell” centrifugal method early in 1908 in the 
Dental Brief, and at the same time Dr. J. H. Billmeyer of Norwalk, O., 
published his “Bucket” method in the Dental Summary. The differ- 
ence in the two methods was in the manner of placing the sprues. Dr. 
Campbell used a triple feed sprue placed at the three highest points, that 
is, the tuberosities and the margin of the palatal vault. Dr. Billmeyer 
used one feed sprue attached at the lowest point of the mold, that is, 
the center of the labial border, and two vent sprues at the high points 
(tuberosities). Both methods have proved successful. The Billmeyer 
method seems to the writer to be the more logical and is the one that 
will be described in this chapter. However, a description of the one 
is a description of the other except as to the placing of the sprues. The 
pressure methods and the Brophy Elgin Vacuum method soon followed 
Dr. Taggart’s pressure inlay method of 1907. , 

Cast aluminum bases should be confined to full dentures, both upper 
and lower, and to well resorbed processes. In fact the method is almost 
contraindicated in high peaked vaults and thin flaring alveolar pro- 
cesses, because of the metal’s high shrinkage index and difficulty of 
swaging the cast base so as to overcome the warpage. In the opinion 
‘of the writer there is but one place in which an aluminum plate either 
cast or swaged is indicated, and that is as an intermediate between 
vulcanite and a gold or a continuous-gum denture. 

There are two general methods for making castings, known as the 
Direct and the Indirect. The direct method consists of luting the wax 
model denture-base to the original cast of the mouth and flasking the 
two together, thus destroying the original cast in producing the metal 
casting. ‘The indirect method consists of removing the wax model 
denture-base for its casting, and thus saving the original cast for future 
use. It is self-evident that the indirect method is the preferable one 
_when the wax can be removed from the cast without distortion. Unfor- 
tunately there are too many cases that cannot be drawn without 
unavoidable distortion. The cast for the direct method must be made 
of the investment compound, while the cast for the indirect method 
should be made of any one of the modern cast materials. 

The wax model base-plate for an aluminum casting should be made 
similar to the method described for the tin casting, only it should be 
formed of the best casting wax obtainable. The wax should be 18- or 
16-gauge thick or two thicknesses of 24-gauge. In the opinion of the 
writer the thin casting advocated by some is a mistake because the 
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cast metal is crystalline in structure and requires greater bulk for the 
same rigidity that the rolled metal swaged would have. Good engineer- 
ing requires that any construction shall have sufficient body to resist 
successfully any stress to which it may be subjected; and it is evident 
that these light castings are too often a failure soon after being sub- 
jected to us>. 

Technic.—The technic for a pure aluminum cast base consists of an 
impression, a cast of investment compound for the direct method or of 
hard plaster compound for the indirect method, a suitable wax model, 
flasking, heating, melting of metal, casting and finishing. 

Impresston.—If the impression is of plaster it should be prepared 
by carving, if there are hard places needing relief in the finished denture, 
and then coating with thin shellac followed, when dry, with one or more 
coats of thin sandarac. No other separator gives so desirable a surface 
to the cast as shellac and sandarac applied separately. The impression 
should be boxed in so as to permit thorough jarring in of the cast 
material. 

Casts.—For the direct casting method the cast should be made of 
the investment compound: preferably of a high grade silica compound. 
Too much care cannot be taken in forming the cast so as to give it a 
smooth glazed surface. For the indirect method any one of the newer 
“artificial stone” cast materials may be used. The writer prefers 
Healy’s Artificial Stone or the Ransom and Randolph Model Stone 
(Improved). 

Wax Model Base-plate.—The object sought in forming the wax model 
for a cast aluminum base-plate is to so place the material that the 
finished product shall have at every part sufficient body to resist the 
stress to be placed upon it; to form square joints, thus no feathery 
edges of either vulcanite or metal; and to provide for securely attaching 
the teeth by means of vulcanite to the base-plate. ‘ 

Technw.—A sheet of heavy (16 gauge) casting wax is warmed and 
evenly adjusted to the cast, the excess is cut away with a warmed wax 
knife, or a very sharp lance carving instrument, and the edge at several 
points luted to the cast. It is evident that the thickness of the sheet of 
base-plate wax will control the thickness of the casting, therefore a 
wax of suitable thickness to produce the desired result in the polished 
plate must be used. The additions to the wax base-plate are made 
by the use of rolls made of the casting wax by a wax sprue former 
(Fig. 451), using the largest size nozzle or without any attachable 
nozzle. ‘The wax roll may be formed, but more laboriously, by rolling 
the softened casting wax upon a clean smooth surface, using a piece of 
glass to press and roll it. A slab of glass one-fourth by three by six 
inches ({ x 3 x 6 inches) is suitable for rolling the wax. The large roll 
of wax should be approximately } inch in diameter. The roll is 
warmed slightly and conformed by the fingers to the buccal and 
labial borders of the wax base-plate, and the lingual portion of 
the alveolar process outlined. Necessarily judgment must be exer- 


WAX MODEL BASE-PLATE 521 


cised in placing the roll of wax so that its substance will give the 
_ desired contour to the model base-plate. Fig. 459 shows the base- 
plate wax adjusted and the peripheral wax as adjusted by the fingers. 
The roll of wax is contoured and united to the base-plate by using a 
hot ironing spatula. The wax should be formed so as to present a 
square edge and thus, a butt joint between the vulcanite and metal. 
A thin feathery edge of either vulcanite or metal is undesirable. The 
next step in forming the wax model is to make provision for securely 
holding the vulcanite attachment to the metal casting. This is best 
done by means of a row of cleats as near the edge of the union of the 
vulcanite and casting as it is possible to place them. These cleats are 
formed of sprue wax of about 16 (B.&S.) gauge. The small-sized nozzles 
and sprue former are best for this, or a piece of the large roll may be 
warmed and reduced by rolling under the glass slab. The wax is bent 
into a series of loops, placed upon the model base-plate as near the — 


Fie. 459—Base-plate with peripheral wax adjusted. 


periphery of the desired union of the vulcanite and metal as possible. 
_ The points of contact upon the base-plate are luted by a touch of a hot 
wax spatula. 

When the wax is cold the tops of the loops are cut away with 
a pair of small curved scissors. Fig. 460 shows the peripheral wax 
attached, the looped wax upon one side and the sheared loops com- 
pleting the cleats upon the other side. The completed wax model plate 
is prepared for flasking by attaching gate or sprue formers. These are 
one feed or pouring sprue and two vent sprues. The feed sprue former 
is a roll of casting wax which must not exceed 33; inch in diameter, 
attached near the lowest part of the wax model, as it is to stand in the 
flask. It is obvious that the larger the feed sprue hole the more quickly 
the mold may be filled with the molten metal; and the smaller the sprue 
hole the more danger of an incomplete casting from the metal chilling. 
However, as the feed sprue hole connects with the bottom of the melting 
crucible, there is a limit to its size. This limit for safety has been found 
by practice to be 3; inch. A sprue of 2 inch diameter is almost certain 
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to permit the first molten metal to fall into and clog the lower end of the 
hole, thereby preventing the filling of the mold. The explanation of 
this fact is that the specific gravity of the metal resting over a + inch 
diameter hole is greater than the cohesion of the molten metal. The 
vent sprue formers are 14- or 16-(B. &S.) gauge iron wire attached to the 
highest points of the wax model. : 


Fic. 460.—Base-plate with peripheral wax attached. 


Flasking.—The wax model is first invested and then flasked. If the 
direct casting method is to be used, the wax model is thoroughly luted 
to the cast, and then coated over with a thin mix of the investment 
compound, applied with an ox-hair brush, lapping it well upon the 
cast. As the investment begins to set it may be poured on from a 
spatula at those places needing special support, as the sprues and cleats. 
For the indirect method the wax model is luted only at two or three 
points, just enough to hold it in place, and then the outside invested 
the same as for the direct method, only the investment must not lap 
upon the cast. When the investment has set sufficiently to have good 
rigidity, the luting wax is freed with a sharp lance knife, when the 
partially invested wax model is carefully removed from the cast and the 
inner surface is invested in the same manner as the outer surface, 
permitting the investment to lap well upon the outer investment, and 
then permitted to stand until the new investment is set enough to 
handle safely. Fig. 461 will represent the wax model and sprues 
invested for either the direct or indirect method for casting. 

Fig. 462 represents a sheet iron bucket. ‘The handle and bail are 
removed for flasking and heating. 

The Cow-bell method uses a Hoosier cow-bell with two holes drilled 
near the edge of the flange for inserting the hooks of the bail for 
casting. 

For flasking, with either the bucket or bell, the flask is two-thirds 
filled with moderately thick investment compound and the invested 
case, dipped in water, is pressed into the soft investment until it nearly 


FLASKING 


Fic, 462.—The bucket casting machine. 
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| reaches the bottom of the flask. At the time of settling the invested 
| case into the flask, the flask should be so grasped that it can be carefully 
jarred upon the bench, thus excluding all air. When the investment 


Fria. 463.—Carved crucible. 


Fig. 464.—Melting out the wax. 


has partially set, a cavity is carved about the wax casting sprue for a 
melting crucible (Fig. 463). When the investment has thoroughly 
set the inside of the crucible mold is scraped smooth with a round-end 


Es i a 


ALUMINUM FOR CASTING 020 


vulcanite scraper. This will leave the wax sprue former just flush with 
the floor of the crucible. All particles of loose compound must be 
brushed or jarred out. The flasked case is placed in a warm place (not 
in an open flame) to dry and soften the wax; as soon as the wax begins 
to run, the vent sprue wires are drawn and the case inverted upon the 
gas stove (Fig. 464). As the wax of the model melts it either ignites 
or drops upon the bench. There should be no smudge of burning wax 
if it is in direct contact with the flame, as the carbon, hydrogen and 
oxygen are so proportioned in wax that it burns smokeless under 
favorable conditions. [or the first ten or fifteen minutes the gas is 
turned on about one-half and then for the rest of the heating up it is on 
full. The flask should be heated in the inverted position for one hour, 
or until there is no flame issuing from the feed sprue hole, thus signify- 
_ ing that the wax is completely burned. The flask is reversed, that is the 
small end is down for half an hour. Heating for another half-hour will 
do no harm, but it is unnecessary. 

Aluminum for Casting.—The purest aluminum obtainable should be 
used and in quantity twice the amount needed to fill the mold. The 
excess metal is necessary to provide for a head of molten metal to aid 
in exerting pressure and to be absolutely sure that no dross is forced 
into the mold or to interfere with the free flowing of the metal. The 
quantity required is estimated by one of two methods: First, experi- 
enced guessing; second, weighing. 

W erghing —The specific gravity of wax is 0.96, and of aluminum 2.56; 
therefore, the aluminum casting will weigh two and two-third times as 
much as the wax model, and the weight of metal required should be at 
least five and one-third times the weight of the wax model. 

Caution. Aluminum absorbs its oxides and occludes gases, there- 
fore, it is better never to remelt metal for casting that has acquired 
even a slight yellowish tint. : 

Melting the Metal and Casting—Before placing the metal into the 
~ melting mold or crucible, the upper portion of the flask including the 
crucible is thoroughly heated with a large blue flame of the blowpipe. 
This precaution is to assure that the upper end of the mold is sufficiently 
heated, thus avoiding the granulated effect sometimes seen in this 
portion of the casting. The metal is placed in the crucible and a yellow- 
tinged flame of the blowpipe played upon it until it is thoroughly 
melted, as indicated by the nugget of metal settling upon the floor of 
the crucible, although the upper surface is spheroidal. The metal 
has high specific heat, therefore no need for undue haste, but no time 
should be wasted in getting the metal cast. The gas is turned off the 
gas stove, the bail is attached to the bucket, and as it is lifted from the ~ 
stove the chain is made straight. The swinging of the bucket is started 
with a steady long swing, avoiding a jerk at the start of the swing. The 
diameter of the swing is quickly reduced to the limit and the speed 
increased. The motion should be continued until the metal has crys- 
tallized. This will probably require from 50 to 100 revolutions. 
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Philosophy of the Casting Process —By the swinging motion centri- 
fugal force drives the molten metal down the feed gate into the mold. 
By the law of physics (that liquids seek their level) the molten metal 
will rise in the mold and vent holes until it is on a level with the head 
of metal, when the centrifugal force will condense the metal until the 
hardness of the crystals of metal and centrifugence are equal. This 
will probably be when the metal has cooled 50 to 100 degrees below its 
fusing-point. It is reasonable to suppose that the metal that has trav- 
elled the farthest from the head of metal will be the first to set, therefore 
as the vent sprues and the palatal border chill, any contraction that is 
taking place will be made good by the molten metal under pressure 
backing it up, thereby keeping the mold full and providing a well 
fitting base-plate. The writer, by careful visual observation, has not 
been able to detect the defects in the castings made by this method 
that have been noticed in the castings made by other methods. There- 
fore the writer confidently presents the foregoing method as most 
excellent for casting aluminum. However, the Billmeyer method for 
placing the sprues is not suitable for gold or metals of high specific 
gravity. 

Suggestoon.—Sufficient free space must be provided for swinging 
the bucket, and expertness in swinging must be acquired by the operator 
before attempting molten metal. Experience in swinging may be 
acquired by practicing with a small bucket of water. A further sug- 
gestion is that the walls of the crucible should be quite perpendicular, 
not flaring. 


Fia. 465,—Casting removed from investment. 


Cooling and Removing the Casting—After swinging, the casting 
bucket should be permitted to stand in a cool place for at least fifteen 
minutes, after which the cooling may be expedited by submerging in 
cold water. A plaster spatula is passed between the flask and invest- 
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ment, when by pressure upon the loose bottom of the bucket the casting 
and investment will be pushed out of the bucket. The investment is 
broken and brushed away from the casting. Fig. 465 shows the casting 
as it comes from the investment. The sprues are snipped away and 
the edges filed. The case is sandpapered and buffed with felt and | 
pumice the same as vulcanite. 

Caution.—Cast aluminum is not elastic, therefore care must be 
exercised in manipulating light castings not to bend them. Probably 
more castings are warped by bending than by improper casting. 
Fig. 466 shows a trimmed and buffed aluminum base-plate. 


Fic. 466.—The trimmed cast base-plate. 


Use of Aluminum Base-plate—The aluminum base-plate is to be 
used the same as the vulcanite base-plate for obtaining the occlusion 
and contour wax models, mounting on the antagonizer (articulator), 
setting up the teeth, proving the antagonization and contour, flasking, 
packing, vulcanizing, and finishing. 

All of these procedures as described for vulcanite work are sufficient 
for the work in hand, except flasking and polishing. 

Flasking—The piaeainn base-plate should be so embedded in the 
first half of the vulcanite flask that as little of the metal will be exposed 
as possible; thus avoiding the scraping of vulcanite from the buffed 
surface. Fig. 467 shows an upper case suitably encased 1 in the lower 
section of the vulcanite flask. 

Polishing —Aluminum may be scraped the same as vulcanite but 
it may be dressed down easier with the emery cloth band on the lathe 
arbor (Fig. 468). The lathe should be run at high speed, and light 
pressure used in holding the work against the abradant. Scratches are 
removed from the surface by the use of felt buffers and pumice, followed 
with a soft brush and whiting. - This gives the aluminum a leaden 
polish due to fine particles of the metal and abradant being ground into 
the surface of the metal base-plate. There are three methods of clean- 
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ing and developing the luster of aluminum: (1) Chemical, (2) use of 


special polishing preparations, and (3) burnishing. The chemical 
method consists of treating with caustic alkali and acids alternately. 
This method is hardly suitable for the dental laboratory. However, 
it gives a beautiful frosted effect, but it is doubtful if it is desirable. 


Fic. 467.—Upper case in flask. 


There are several preparations useful for the second method. Ben- 
zene and whiting rubbed on with a buffer of cotton or chamois-skin, or 
these materials used by hand. A paste may be made of 2 drams each 
of copper sulphate and potassium carbonate and 1 ounce of lard. To 
this paste add 1 or 2 drams of any one of several finely ground abradants 
as chalk, rotten stone, rouge, tripoli, or buckhorn. 


Fic. 468.—Emery cloth for dressing down aluminum casting. 


The burnishing is done with an agate or bloodstone burnisher and a 
burnishing fluid composed of equal parts of olive oil and rum. This 
method is the very best for the maxillary and mandibular surfaces, but 
is open to the objection that it shows up the unequal hardness of the 
dressed surface. However, it produces the hardest and best wearing 
surface of any of the methods of finishing. 

Figs. 469 and 470 show views of completed dentures on aluminum 
base-plates. Fig. 471 shows the lingual surface of a denture with the 
metal cast to the teeth. Figs. 472 and 473 show the same case as the 
casting came from the flask. 
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Casting to Porcelain Teeth—The wax model must be so shaped that 
the cast metal will not overlap any edges of porcelain, because the 
contraction of the cooling metal may crack the porcelain teeth. The 


Fie. 469 


Fia.- 470 


Fias. 467 to 471.—Completed dentures on aluminum base-plates. 


lingual surface of the denture must be carved to shape in, the wax and 
smoothly finished. Chloroform can be used to finish the wax surface. 
The flasked case should be made very hot before pouring the metal; and 
then the case must stand until it is cold before removing from the 
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investment. Platinum pin teeth should not be used, as the molten 
aluminum is a solvent for platinum. The labial and buccal surfaces 
are finished with vulcanite. Casting to the teeth is of doubtful 
expediency. 


Fic. 472 


Fics. 472 and 473.—Case shown in Fig. 471, as it came from the flask. 


The Hollenback Unit..—This machine is probably the best illustration 
of a casting unit, incorporating the centrifugal force and cold mold 
principles, before the profession. It is a compact, simple and easily 


1 This machine is an invention of Dr. G. M. Hollenback, and is manufactured by the 
Occidental Mfg. Co. of Los Angeles, Cal. : 


: 


_ 
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operated device. The oven is designed for drying out the investment 
for cold casting of inlays and clasps. The cold mold method js not 
suitable for castings larger than clasps and saddles that can be produced 
in the small-sized casting ring. The oven has a tray upon which one to 
five cases may be dried at once (Fig. 474). The electrical units are 
placed upon each side of the tray and are regulated by a thermostat so 
that a temperature under 400° F. is constantly maintained for one and a 
half hours. In about one hour after the wax pattern is invested the flask 
is placed upon the oven tray with the sprue end downward. As the wax 
pattern melts the excess water of the green investment washes out the 
wax, and does not permit of any appreciable absorption of the wax by 
the investment compound. When the investment is perfectly dried the 
flask may be set aside and the casting made at any convenient time. 
However, the casting should be made before the investment absorbs 
‘moisture from the atmosphere. 


Fie. 474.—Hollenback drying oven. 


The casting apparatus is operated by a spring and release lever, 
therefore is uniform and reliable in action. The crucible is made of 
fire clay and is easily replaceable. It is impossible for any of the 
molten metal to enter the mold before the spring is released; and the 
molten metal can be suitably fluxed without danger of the flux entering 
the mold (Fig. 475). The parts of the casting portion of the unit are 
so placed that the least possible heat is applied to the mold. The 
result is that a bright, clean, perfect fitting casting is produced, after 
cleansing in hydrochloric acid. 

The large flask is for saddles and the various sections of a partial 
denture that are too large for the small flask. The wax pattern is 
carbonized and burned out and the casting is made in the hot: flask. 

The vacuum method is well illustrated in the Elgin Vacuum Casting 
Machine shown in Fig. 476. The technic for forming the wax model 
for this method and machine differs from that described for centri- 
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fugence only in placing the sprues. This method admits of no vent 
sprues, but the feed sprue, either single or multiple, must include all 
the high points of the mold; so that every portion of the mold may be 
filled by a downward flow of the metal, the eir having been drawn from 
the mold through the porous investment by means of the vacuum 


Fie. 475.—Hollenback casting machine. 


Fic. 476.—Elgin casting machine. 


pump. Fig. 477 shows a casting and the excess metal attached made 
by the Elgin machine. 

Pressure Method and Machines.—The gravitation method for making 
dental castings preceded the pressure principle only; but neither 
principle met the universal approval of the profession until Dr. W. H. 
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Taggart demonstrated his methods in 1907. His was the first successful 
machine for using the pressure principle, and it is regrettable that the 
machine is not upon the market at the present time. However, recently 


Fie. 477.—Casting made with Elgin machine. 


Fic. 478.—Burns’ casting machine. 


two very excellent casting machines of this type have appeared ; the 
machine of J. E. Burns (Fig. 478), Flushing, Long Island; and the 
Alston Improved Metal Casting Outfit by The Dental Manufacturing 
Co., Ltd. (Fig. 479). Both of these machines are equipped with com- 
pressed air attachment and regulator, or, when desired, a tank and 
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hand pump. The writer is of the opinion that the pressure principle 
for casting is the most universally successful and the one that will 
stand the test of time. However, any of the methods are applicable 
when the details are mastered. 


Fig. 479.— Alston casting machine. 


Gold as a Casting Metal—Physical and Chemical Properties.—Pure 
gold is a bright, rich yellow, noble metal, with a specific gravity of 
19.3, varying in its fraction according to the method of reduction and 
form. Its fusing-point, as given by the U.S. Bureau of Standards, 
is 1945° F. It is the most malleable and ductile of the metals, fifth 
in tenacity, and third as a conductor of heat and electricity. It is 
nearly as soft as lead and can be alloyed with many of the other metals. 
It is insoluble in any of the ordinary mineral acids, but soluble in 
nitrohydrochloric acid. 


Pure gold is not suitable for casting for any part of denture construc- — 


tion, but must necessarily be made harder, more rigid, and for certain 
uses, as elastic as possible. The metals suitable for alloying the 


gold for casting are silver, copper, platinum and palladium. Silver is_ 


used chiefly to modify the color; copper is used to give hardness and 
elasticity, it reduces the fusing-point of the gold markedly and deepens 
the color; platinum is used to increase the hardness, elasticity and raise 
the fusing-point; palladium is used to add the same properties as plati- 
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num and is better than a high percentage of platinum, as it unites more 
uniformly with the gold and weight for weight raises the fusing-point 
of the alloy more than platinum; however, palladium destroys the gold 
color, reducing the mass to the color of platinum. The high fusing and 
elastic gold alloys are restricted, therefore, to bands, bars and clasps. 

The Ney-Oro golds made from the formule of Mr. Louis J. Weinstein 
are undoubtedly the most uniform and scientific casting golds upon 
the market. Further than this their formule are published; therefore 
they are ethical and professional material. The dentist knows what 
he is using and can use the Ney-Oro golds intelligently, which cannot 
be said of any make of gold the formule of which is not published. 
These golds may be melted with the gas and air blow-pipe, but are more 
suitable for the gas and oxygen or nitrous-oxide blowpipe. Care must 
be used to thoroughly melt, but not to overheat or burn, the gold. 
This implies that a sufficient illuminating gas flame is used and not an 
excess of oxygen forced into it, but enough to accomplish the desired 
result. , 

The Ney-Oro casting golds that will meet every requirement are 


the following: 
Oe pie Bd Mg 
Per cent. Per cent. Per cent. 


Gold SEL ER a eae whe pe 80.5 80.0 64.0 
Platinum Cie Gia Nas : 6.5 9.5 11.0 
Palladium Pe ter a 2.0 TR) 16.5 
Silver on etal Fee ISP ie ier te iter 2.0 1.0 iba 
Copper . 9.0 7.0 10 
Total ~ 100.0 100.0 100.0 
PUMUODOM st sree et 1800° F. 1975° F. 2100° F. 


Ney-Oro “‘C”’ is suitable for cast full dentures and saddles that are 
to be reinforced. It should be melted with the gas and air blowpipe 
only. Ney-Oro “B” is designed for any full or partial denture requiring 
greater rigidity, with less bulk, than can be attained with “C.” This 
gold can be properly fused with the gas and air blowpipe provided the 
operator is expert and the mass of metal is not too great. Ney-Oro 
“E” is suitable for clasps, bars, bands and any part where the greatest 
rigidity is required. This gold may be melted in small quantity with 
the gas and air blowpipe, but it can be better manipulated with the gas, 
and oxygen or nitrous-oxid blowpipe, when any quantity desired can 
be properly fused. 

Investment Compounds for Gold Castings.—It is the opinion of the 
writer that the liquid graphite investment is better adapted to small 
castings as clasps and small saddles, but that large saddles and full 
dentures can be better manipulated with the silica compounds, because 
of their greater strength and porosity. However, either class of 
material may be used universally. It is the opinion of the writer that 
better results are obtained by using either one alone than by using both 
in the same flask. 
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General Suggestions for Gold Castings—The best results seem to be 
obtained from “green” molds, that is, where the investments have not 
been permitted to dry out by long standing; therefore, the indirect 
method gives smoother and better results than the direct. However, 
if the original cast is used and it has become thoroughly dry, then it 
should be thoroughly soaked in water before adding more investment, 
also before heating up if a flasked case has stood for a day or two. This 
suggestion is thoroughly empirical, for the writer is not satisfied with 
any explanation he can offer. 

If the casting table of a pressure machine is not recessed, a shallow 
recess should be cut in the investment to aid in the escape of gases 
while casting. | 

Too thin casting wax should not be used thereby avoiding imperfect 
or weak castings. Use 16-gauge (B. & S.) sprues and a sufficient 
number to fill every part of the mold promptly. 

Use clean metal for each melting. If the metal has been previously 
used, clean it with reducing flux and acid. 


Fic. 480.—Maves heating furnace. 


Heating the Flask.—All cases should be warmed slowly so that the 
wax model may be absorbed by the investment, if a small one, and 
partially absorbed if a large one, when the flask can be inverted and the 
excess of wax permitted to run out of the sprue holes. The heat is 
gradually increased until the mold is thoroughly dry of wax and mois- 
ture. The mold is now known as a cold mold although it may be a few 
hundred degrees hot. The cold mold is desirable for clasps and very 
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small saddles, but for large castings and where the molten metal must 
flow some distance the mold must be hot, red hot. The smallest size 
casting flasks may be sufficiently heated in a Maves Furnace (Fig. 480) 
in thirty-five or forty minutes, but the next size flask will require fifteen 
to twenty minutes longer, while the large size flask will require from 
one to two hours in the open flame. Do not attempt large castings in 
a cold mold. 

Pressure Required for Casting.—Very small castings will require 
§ to 12 pounds pressure, and medium to large castings will require 15 
to 20 pounds pressure. 

The investment compound must not quite fill the top of the flask. 
There must be at least 3; inch of free flange to permit the flange bedding 
itself into the asbestos packing of the head of the casting machine. 
Sufficient force must be applied and sustained upon the closing lever to 
_ prevent escape of the compressed air. Necessarily the larger the peri- 
meter of the flask the greater the pressure to make a tight joint between 
the flange and packing. 

Making the Wax Model for Casting Gold.—For the direct method of 
casting the investment compound cast needs no preparation; but for 
the indirect method the hard plaster cast should be slightly lubricated 
with sweet or sperm oil, or the surface may be sprinkled with soap- 
stone, which should be well rubbed in, and the excess brushed away. 
The cast may be slightly warmed, but not above 100° F. The casting 
wax may be sufficiently warmed by holding for a moment between the 
palms of the hands and adjusted to the judiciously warmed cast. 
Extra heat is best applied by warming the thumb or hand rather than 
by exposing the wax to direct heat. However, to warm the wax by 
direct heat of the flame hold the case several inches above the flame. 
For the indirect method the wax must be perfectly molded to the cast 
and luted at a few points only. Portions of the surface may be doubled 
by the same careful warming and conforming of the added wax. 
Round wax attachments are more safely attached by luting with melted 
wax carried on a small spoon as the No. 1 Evans’ wax carver. The 
wax sprue formers should be approximately 16 (B. & S.) gauge in size, 
the second size of the wax former. Often these feed sprues can be so 
attached that they will also form the cleats for the vulcanite attach- 
ments. Judgment must be used to place a sufficient number of sprues 
to quickly and perfectly fill the mold. A clasp will require one feed 
sprue, with possibly an auxiliary, as shown in Fig. 481. Saddles 
will need two or more and a full denture may need eight or ten wax 
sprues (see Fig. 482). ‘These sprues must all have separate openings 
into the floor of the melting crucible (see Fig. 483). They must be 
so placed and sufficient metal used so that they are all covered with the 
molten metal until the mold is perfectly filled. Should a single one of 
these feed sprues be exposed to the compressed air the casting will 
be spoiled. 

Investing and Flasking—The wax model is first invested and then 
flasked as already described under aluminum. 
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Partial Dentures —Partial dentures are best cast in units and the 
units united by soldering. A unit is a clasp, saddle or a connecting bar 
or band. Two saddles can be joined with a bar by lap joints better 


Fia. 481.—Clasp with lead sprue and auxiliary sprues attached. 


than by butt joints. There is necessarily shrinkage in casting; however, 
this can be largely compensated -by sectional castings and lap joints. 
(See Fig. 484.) 


Fig. 482.—Saddles with sprues attached. 


Fig. 485 shows the five units—two clasp units, two saddle units and 
the connecting unit—united. 
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Fic. 485.—The five units united. 
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Swaging Cast Dentures —The casting may be swaged, often with 
advantage. The Parker Shot Swager (Fig. 486), or a similar swager may 
be used. This method is especially adapted to full dentures. The hard 
plaster compound cast is centered and set in the base of the swager 
with a fresh mix of plaster, or with high heat modeling compound. 
The casting is then placed upon the hard plaster cast, and covered 
with light weight rubber dam, and a sufficient quantity of low-heat 
modeling compound to nearly fill the swager is quickly adjusted and 
submitted to heavy pressure in a screw press; or, it may be struck one 
dead blow with a heavy sledge (16 pounds). A better way than 


Fig. 486.—The Parker shot swager. 


striking with the sledge is by the drop swage. This is a miniature pile 
driver. The drop swage has the advantage over the sledge in that it 
holds the base-plate under pressure until the molecules of metal become 
set from the vibration produced by the swaging force. Cast aluminum 
may be swaged in the same manner. 

Amount of Gold to Use.—The same rule given for aluminum will serve 
for gold; therefore multiply the weight of wax by 40. However, for 
large castings multiplying by 30 will give a sufficiency. 

The castings are finished by grinding, filing, buffing and burnishing. 
Ivory soap is a good lubricant for the burnisher of either steel or stone. . 


CHAPTER XIV. 
CONTINUOUS-GUM DENTURES. 


By D. 0. M. LaCRON, M.D., D.D.S. 
REVISED BY 


WILLIAM A. CAPON, D.D.S. 


IF it be agreed that beside the restoration of function, one of the 
chief desiderata in the construction of an artificial denture is the 
imitation of the natural appearance of the teeth and gums, then it 
may be said that the continuous-gum process offers greater esthetic 
possibilities than those of any other method of prosthetic restoration. 
By its means the physical characteristics relating to the appearance 
of the restored tissues may be so closely imitated as to defy detection 
at the hands of the most skilled observers. 

Continuous-gum takes its name from the fact that when the porcelain 
used for this purpose is fused upon a platinum base to which specially 
designed teeth have been attached, a porcelain surface is obtained 
which is without break in continuity between teeth and gums. 

The first conception of the uniting of porcelain teeth to a metallic 
base by means of a fusible porcelain material originated in France. 
Among the names of those who first bent their efforts in this direction 
may be mentioned M. Delabarre, of Paris, who in 1820 used a material 
closely resembling ordinary porcelain tooth-body to unite the teeth to 
the plate. Contemporaneous with that of this pioneer, we find the 
names of M. de Fonzi, who applied jeweler’s enamel for the purpose of 
restoring the contour of the gums, and of M. de Chemant, to whom 
patents were granted for the manufacture of a form of denture belong- 
ing to this type. The work of these early experimenters was attended 
in a large measure with failure because of the imperfect character of 
their materials and the lack of knowledge concerning the means for 
their proper fusing. Experiments with the silicious compounds were 
abandoned before any satisfactory results were obtained. This was. 
because of the great heat necessary to work the materials used, for, 
according to Dr. Locke, they required a temperature of 3761° F. for 
proper fusing. 

It remained for an American to realize the object sought by these 
early French investigators, and by practical researches to rescue from 
obscurity this beautiful process and place it before the dental profes- 
sion upon a practical working basis. It was Dr. John Allen, of New 


York City, who in 1846 perfected a method of construction and com- 
( 541 ) 
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pounded a porcelain body upon which he was granted patents in 1851. 
The priority of this invention was contested by Dr. William Hunter in 
a suit, accounts of which were published in the dental journalsof that 
time. Dr. Allen surrendered his patents of 1851 because of defects in 
them, and in 1856 a new patent was issued to him for the process as he 
had then improved it. This was known as “ Allen’s Continuous-Gum.” 

Believing in the possibilities which this process offered, a few men 
have worked steadily since that time to improve and develop its details, 
and gradually many of the early sources of annoyance and failure, such 
as springing of the plate, and checking and scaling of the porcelain, 
have been overcome. The porcelain bodies now manufactured are, 
if properly manipulated and fused, sufficiently strong to withstand any 
legitimate use. It is essential, however, that the porcelain should be 
superposed upon a metal frame-work constructed with strict regard 
to mechanical principles. Continuous-gum body of today is a silicious 
compound, similar in composition to that of which artificial teeth are 
made except that it is more fusible, its fusing point being 2300° F. 

Platinum and iridio-platinum are used as the bases, and we find the 
tissues underlying them to maintain a condition more closely approxi- 
mating the normal than under the vegetable bases. 

The objections formerly urged against this variety of artificial den- 
ture, viz.: its great weight and the dangers and difficulties in the baking 
of the porcelain, have been removed to a large extent by improved 
methods of construction. 

The first objection as to weight may be overcome in a large measure 
by using the lighter gauges for the platinum base. The writer has for 
a number of years used Nos. 32 to 36 plate (B. & S. gauge) for upper 
dentures with most satisfactory results. 

The use of modern electric furnaces effectually discounts any 
objections on the score of baking per se, for these appliances are 
thoroughly satisfactory in convenience of operation and efficiency. 
The consideration of the warping of the plate, the shrinking, flaking, 
under- and over-fusing of the porcelain—accidents possible in the 
process of baking and urged by some as objections to the method, 
will be discussed at the appropriate place in this chapter. 

As a minor objection may be mentioned the liability of fracture of 
the denture. Proper admonition to the patient as to the care of the 
denture should always be given, and by the exercise of due caution in 
cleansing the piece, any annoyance on this score may be avoided. 
Fracture in the mouth is of rare occurrence. 

The tissues of the mouth react more kindly to the presence of a 
platinum base denture than they do to any of the vegetable bases. All 
the materials of which the denture is composed being good conductors, 
the thermal variations are readily communicated to all the underlying 
parts. Froma hygienic standpoint, the platino-porcelain denture stands 
alone. There are no interstices to catch food débris, and as the den- 
ture is absolutely uninfluenced by the secretions of the mouth, or the 


IMPRESSIONS AND CASTS 543 


products of bacterial action, it may be made as clean and fresh as new 
by ordinary cleansing methods which may be instituted by the patient. 
One of the chief points of excellence in favor of the continuous-gum 
method is the facility and accuracy with which the natural organs are 
imitated. Any loss of gum or palatal contour may be so faithfully 
reproduced in form and color as to defy detection. 

Continuous-gum dentures are applicable with most satisfactory 
results in full cases, upper and lower, but it is quite possible to employ 
them with good effect in many cases requiring partial dentures. 


IMPRESSIONS AND CASTS. 


The first requisite for success in constructing continuous-gum den- 
tures is a good impression, and for this purpose plaster of Paris is the 
material par excellence. The manner of taking the impression and its 


~ 


Fig. 487.—Showing form of arch where chamber may not be necessary. 


subsequent treatment are described in detail in another section of this 


work. The cast is obtained and dies and counter-dies made as for 


other varieties of metal dentures. The indications which govern the 
use of vacuum-chambers are the same as for other metal plates. If in 


y 


Fia. 488.—Cast of the upper jaw with ledge for turning the rim. 


the judgment of the operator a vacuum-chamber is indicated, it may 
be carved in the impression, thus forming an integral part of the cast, 
or it may be placed upon the cast after the latter has been removed 
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from the impression in any of the ways described in Chapter IV. In 
cases presenting well-defined alveolar ridges and moderately deep 
vaults the vacuum-chamber 1s unnecessary (Fig. 487). The firmness of 
the adhesion of the denture to the underlying tissues depends upon 
the accuracy of its adaptation to them. If this is perfect it will adhere 
with sufficient tenacity, but if the denture is poorly adapted or warped 
in any degree, the stability of its retention is thereby lessened pro- 
portionately. If it is intended to swage a rim to the plate, especial 
care must be exercised in marking the outline of the latter on the cast 
(Fig. 488). It should follow such a line as will prevent any possibility 
of its impingement upon the muscles of the lips and cheeks or other 
movable tissues. If after the piece is finished such impingement does 
exist, the beauty and finish of the denture would be seriously marred 
by trimming. A layer of wax slightly thicker than the proposed ‘rim 
is adapted to the cast, following accurately the plate outline. It should 
form with the wall of the cast an angle, the degree of which should not 
be so acute as to interfere with accurate molding. The wax is then 
trimmed away to blend gradually with the sides of the cast. The cast 
thus prepared is now to have the necessary varnish applied and the 
die is obtained in the usual way. ~ 

Results obtained with dies made of nickel Babbitt’s metal, or Bab- 
bitt’s metal of Haskell’s formula, will be found satisfactory in this 
work. The latter alloy contracts less than zinc, and plates made over 
dies composed of it fit the plaster cast as they do the die. 


FORMING THE FULL UPPER DENTURE. 


The pattern of the plate in heavy tin-foil is reproduced in pure 
platinum No. 32 to No. 36 gauge for upper dentures, the thickness of 
the platinum depending upon the form and size of the plate. The 
writer has used all gauges and finds plate of these numbers, properly 
reinforced, to meet the individual requirements, not only sufficiently 
rigid for all purposes, but contributing much to the lightness of the 
completed denture. 

The face of the die is covered with a thin piece of wet muslin, and 
the platinum, after being well annealed by placing the platinum in the 
electric furnace, bringing it to a white heat and allowing it to cool 
slowly, is adapted as closely as possible to the palatal vault by pres- 
sure applied with the thumbs, and by the use of the horn mallet. 
Great care must be observed while annealing the platinum that no 
particles of zine or lead are attached to it, for they would become 
alloyed with it, thus producing a hole in subsequent heatings, or caus- 
ing the plate to crack or break in swaging, or possibly subsequently 
discoloring the porcelain paste. Using muslin over the face of the die, 
and pickling the piece each time before it is annealed to remove any pos- 
sible trace of base metal will effectually prevent this. ‘The process of 
swaging is continued, reannealing the platinum whenever its return- 
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ing obduracy necessitates, until a fairly close approximation to the 
vault is obtained. A partial counter-die made of good modeling com- 
position may now be used. The composition is softened and molded 
to the vault of the plate, completely filling the latter. It is then 
hardened by dipping into cold water. The composition is now placed 
in position on the plate which is in place on the die, and the whole is 
clamped securely to the bench with an ordinary bench clamp, one arm 
of the clamp engaging the under surface of the bench, the upper arm 
engaging the composition. In this manner the plate is held securely 
in position on the die while its alveolar borders are adapted with thé 
swaging mallet. | 

The soft platinum exhibits a tendency to wrinkle and tear under 
manipulation, so that all undue haste and force are to be avoided. If, 
however, the metal should be torn, small breaks in its continuity may 
be repaired by soldering a piece of thin platinum, No. 36 gauge, over the 
hole with platinum solder. 

When the adaptation to the die is as accurate as can be obtained by 
pressure and the mallet, the plate is trimmed approximately to the 
line marked on the cast. It is now ready for the counter-die, and 
extreme care should be observed to prevent contact of the platinum 
with the base metal of the counter-die, particularly if the latter be 
made of lead or an alloy containing that metal. As is well known, 
lead and platinum combine with remarkable ease, and should small 
particles of lead become attached to the platinum when the latter is 
heated, the base metal forms an alloy with that part of the platinum 
with which it is in contact. This alloy is very fusible, and if the plate 
is not at once perforated, the part so contaminated will always be 
liable to this accident upon subsequent heatings. To avoid any such 
contingency it is well to interpose between the surfaces of the counter- 
die and plate, wet muslin or thin rubber dam. This will also assist 
in disengaging the plate from counter-die if, as frequently happens, 
it becomes wedged therein from the force of the swaging. Should the 
platinum become contaminated with the base metals, it must be 
pickled in hot nitric acid before further annealing. 

The plate is at first lightly swaged between die and counter-die, 
then removed and examined carefully for wrinkling or breaks. Should 
wrinkles develop, they should be corrected with pliers and the horn 
mallet. ‘The swaging should alternate with pickling and annealing 
until the adaptation is perfect. The plate is then closely trimmed 
to the plate outline, leaving an excess sufficient for the rim if this is 
to be turned, and it is ready to be tried in the mouth. The rim is to 
be completely turned after the first coat of body has been baked. 

The operator may prefer to solder a wire along the alveolar border 
of the plate instead of turning the rim, in which event the plate is to 
be trimmed to its true dimensions which are determined by trial in the 
mouth. ‘The wire rim permits a trimming of the plate margins after 
the body has been applied and even after the denture has been worn. 
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The vacuum-chamber in a continuous-gum denture is preferably formed 
in the plate itself, although it may be cut and soldered, using for the 
chamber cap a piece of plate of the same thickness and soldering it in 
with 25 per cent platinum solder. This is the solder employed to best 
advantage in continuous-gum work. The relative position of the 
pieces united by it will not change in the intense heat of the furnace. 
Pure gold may be used if the pieces are in absolute contact and a 
minimum amount of solder used, but an excess of gold should be 
avoided, as it is thoroughly melted and widely diffused by the high 
temperature at which porcelain fuses. Solders containing base metals 
should never be used. 


Fra. 489.—Reinforcing pieces for full upper denture. 


Strengthening Pieces.—The object of these is to add strength to the 
parts of the denture which are liable to undergo alteration in form, 
either when it is subjected to the great heat of the furnace, or under 
the stress of mastication. Those places in which experience has 
demonstrated the necessity of additional strength are the posterior 
border of the denture, usually referred to as the heel, and that portion 
of the denture extending posteriorly for a small distance from the 
alveolar border along the median line. | 

The form these strengthening pieces should take 1s governed by the 
judgment of the operator. The method of forming and adjusting them 
employed by the writer is as follows: Patterns of heavy tin-foil are pre- 
pared; the pattern for the anterior piece 1s cut roughly to the form of a 
triangle, the base slightly overlapping the ridge anteriorly; the apex 
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extending back toward the vault of the plate and lying on the median 
line, the size to be governed by the size of the denture. (Fig. 489). 
This pattern is to be reproduced in iridio-platinum plate, No. 24 to 
No. 26 gauge, according to the case. The piece is well annealed, adapted 
to the die with the mallet and then swaged between the die and counter- 
die. It is now placed in position on the plate and both are swaged 
together. 

_ The posterior pattern is cut in the form of a strip 7%; inch wide; 
extending across the entire posterior border of the plate. This 
pattern is also reproduced in iridio-platinum No. 24 or N o. 26 gauge. 
It should be observed that the object of this piece is two-fold: Ogrdke: 
give additional strength to the heel of the denture; (2) to engage the 
porcelain and give finish to this part of the denture. In order to 
serve best this double purpose the strip should be so formed that 
when finally adjusted its anterior edge is distinctly raised, while the 
posterior two-thirds of the body of the strip lie in close apposition to 
the plate. To accomplish this result a strip of brass is swaged to con- 
form to the portion of plate immediately. in front of and covered by the 
anterior border of the iridio-platinum piece when the latter is in posi- 
tion. The posterior border of the brass strip should be filed to a feather 
edge. The strengthening piece, having been adjusted to the die and 
swaged in the usual manner, is now placed in position on the plate with 
the brass strip properly interposed, and the pieces are swaged together 
between the die and counter-die. The brass having accomplished its 
purpose is then laid aside. . 

The plate and pieces are given an acid bath, washed and cleansed 
thoroughly, and are ready for soldering. The anterior piece is clamped 
to the plate and around its border are placed small squares of platinum 
solder; the case is heated to bright redness with the ordinary blowpipe, 
the fine flame of the oxyhydrogen blowpipe (F ig. 490) is then directed 
against the plate and solder, causing the latter to flow and unite the 
pieces. The posterior strip is attached much in the same manner, 
except that the solder should be placed only along the posterior border. 
This latter operation will be greatly facilitated if the operator defers 
the final trimming of this portion of the plate until the piece has been 
soldered, the extended heel of the untrimmed plate serving as a sup- 
port upon which to place the solder. By this means the risk of flowing 
solder upon the palatal portion of the plate is prevented. In a plate 
thus reinforced we have combined to the best advantage the qualities 
of strength and lightness, and have provided for the successful appli- 
cation of the porcelain body. 

The adaptation of the plate may now be tested on the cast. If a 
Babbitt metal die has been used, it should fit this perfectly, and pres- 
sure applied at any point should cause no movement of the plate on 
the cast. Rocking is frequently due to the fact that some prominence 
on the die has been bruised in swaging. For this reason it is always 
desirable to have a finishing die upon which the last swaging is done, 
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for by this means inaccuracy in fit due to an imperfect die may be 
avoided. For a more perfect adaptation, the plate should receive 
its final swaging directly on the plaster cast with the shot-swaging 
device. 

It is then tried in the mouth and its adhesion tested; also the rela- 
tion which its borders bear to the muscles and soft parts is carefully 
noted. Ifthe adhesion is defective it is usually due either to impinge- 
ment upon the muscles or soft palate, or to variations in the resist- 
ance offered by the underlying parts. If due to the former, the plate 
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Fie. 490.—Le Cron’s blowpipe. 


is trimmed at the proper places. If due to the latter, the part of the die 
corresponding to the soft areas is scraped away and the plate reswaged. 
It should be noted that any subsequent swaging of the plate after 
the reinforcement at the heel is attached should be done for obvious 
reasons with the brass strip adjusted under the free edge. If the 
stability of the plate is not corrected by these means, a new impression 
is taken, the hard and soft areas of the mouth carefully outlined on 
the cast, and these properly treated by scraping or by additions to 
the face of the cast, new dies and counter-dies obtained and the process 
of swaging repeated. 
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ARTICULATION. 


If, on trial in the mouth, the fit and adhesion of the plate are satis- 
factory, we are now ready for the operation of “taking the bite.” Next 
to a good impression no step is more important in securing happy 
results in continuous-gum work than the securing of a good “bite,” 
since this is the guide in the articulation of the teeth. 

The plate is warmed, a rim of wax is placed around the alveolar 
ridge and attached to the plate with a hot spatula. The plate is then 
placed in the mouth and the wax modeled to restore the contours of 
the cheeks and lips, and the median line of the face marked upon it. 
The lower edge ‘of the wax governs the length of the teeth. The sur- 
face of the wax is now slightly warmed and the patient is instructed to 
close the jaws in a natural manner, leaving the imprint of the lower 
teeth in the wax. The case is then attached to the articulator for the 
arrangement of the teeth. Any of the bite-taking methods described 
in Chapter V may be substituted. 

In full cases the selection of the teeth is governed by the age, tem- 
perament and physiognomy of the patient. Where there are natural 
teeth remaining, these will serve as a guide as to their shape, size and 
color. Teeth especially designed for continuous-gum work are gener- 
ally used. They are made with single long platinum pins and long 
porcelain projections representing the roots. These porcelain exten- 
sions are for the purpose of insuring contact of the teeth with the plati- 
num base and they also assist in the formation of the buccal and labial 
contours of the denture. The fact that the porcelain root is not fused 
in the baking of the body reduces the contraction, and maintains the 
- contours in these regions (Fig. 491). When the requirements of the 
case call for very short teeth those employed in vulcanite or celluloid 
work may be used. 

Any artistic skill which the operator may possess has wide latitude 
for its display in the arrangement of the teeth. The varying facial 
expressions of the patient are studied closely and the endeavor is made 
to fix in the mind the natural expression both in repose and when the 
face is animated, as in the acts of talking and laughing. Not only 
must an accurate knowledge of all the elements entering into and con- 
stituting what is known as the natural expression be borne in mind, 
but what is as equally important from a less esthetic standpoint, a 
thorough knowledge of the mechanical principles involved in the reten- 
tion of the denture. A just consideration of these observations leads to 
the further statement that in the construction of an artificial denture 
the process is often attended by a series of compromises by which the 
various esthetic features are reconciled to the practical requirements. 
Therefore, a comprehensive knowledge of all these factors will best 
place one in a position to so adjust the conflicting interests that the 
finished product will not suffer. 

The central incisors are usually arranged first. Each tooth is ground 
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to rest directly on the plate, and the pin should come in perfect contact 
with the wire on the top of the alveolar ridge, presently to be described, 
or with the plate, in order to hold the tooth in position during the pro- 
cess of fusing the porcelain. Between each tooth and the platinum 
base there should always be two points of contact, viz.: the platinum 
pin and the porcelain root; the teeth will then be less liable to change 
their position by the shrinkage of the porcelain. If the length of the 
roots is not sufficient to enable them to touch the plate it will be 
necessary to support them in position by interposing little pieces of 
broken porcelain teeth. 

Slight irregularities of alignment commonly found in the natural 
teeth are easily reproduced and materially aid in giving a natural 
appearance to the case. 


Fria. 491.—Set of continuous-gum teeth. 


There are often conditions of the remaining natural teeth resulting 
from decay and organic discoloration, which make it impossible to find 
in the stock of the manufacturer a desirable match for a partial den- 
ture. Such needs of the operator can only be met by selecting a porce- 
lain tooth, the body of which is the same general color as the natural 
teeth to be matched and treating it with mineral colors in imitation 
of the natural organs. (Fig. 492.) 

After the arrangement is completed in conformity with the ideas of 
the operator the teeth are attached to the plate with adhesive wax. 
Wax is also loosely molded over the buccal and labial walls of the 
plate to approximate the natural contours. 

The piece is now transferred to the mouth, the articulation noted 
and any slight corrections or alterations made. The amount of wax 
necessary to restore the contours is also to be noted; this serves as a 
guide in the application of the body. 

The next step is the adjustment of the iridio-platinum wire around 
the crest of the ridge, which serves for the attachment of the pins and 
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also gives additional strength to the plate. The writer advocates the 
use of No. 16 iridio-platinum round wire instead of the platinum. strips 
which are sometimes employed. The porcelain adapts itself more 
uniformly to the wire and fuses with less tendency to crack. 


Fic. 492.—Base-plate with teeth arranged upon it. 


In determining the proper position for the wire, the denture is placed 
on the cast, and a wall of soft modeling composition is adapted to cover 
the anterior and lateral walls of the cast and all exposed portions of the 
teeth, and extending from the last molar on one side to the same tooth 
on the other. The composition is hardened and the wax removed, thus 
freeing the pins, which are bent slightly upward. The wire is adjusted 
under the pins and waxed to the plate. The teeth should then be 
removed en masse with the composition. The wire is now held in posi- 


_ Fie. 493.—Clamp for holding reinforcing pieces on plate during soldering. 


tion on the plate with clamps like that shown in Fig. 493 and soldered. 
The modeling composition wall containing the teeth is then returned 
to the plate in position on the cast, the pins bent down in contact with 
the wire and securely attached with adhesive wax. The composition 
wall may then be softened by dry heat and removed, taking care that 
the wax about the pins is not melted and that the relation of the teeth 
to the plate is undisturbed. A plaster wall may be used instead of 
the one described. After the teeth are attached to the plate the case 
is ready for the investment. 


INVESTING. 


The investment best adapted for continuous-gum work is composed 
of fine asbestos, 4; coarse calcined silex, 4; plaster of Paris, 3. 

The investment best adapted for continuous-gum work is one sufh- 
ciently plastic to flow freely between and around the teeth. All sur- 
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faces of the teeth to be embraced in the investment should receive a 
coating of thick shellac varnish. This is to prevent the fusing of the 
investment with the porcelain teeth during the soldering, an accident 
which is likely to occur at the high temperature required to fuse plati- 
num solder. The shellac burns out when the plate is heated up and 
leaves a small space about the teeth. 

To make the investment small, uniform in thickness and compact, 
a matrix into which it may be cast is formed by placing the plate 
with teeth attached upon a flat surface like the work bench, the occlusal 
surface of the teeth being uppermost. Then a strip of base-plate wax 
is bent into the form of a ring, which shall surround the plate, follow 
its general form and be } inch larger in each direction. The ring 
should be deep enough to extend } inch above the cutting edges of the 
teeth. The ring thus prepared is now set on a glass slab and attached 
thereto by passing a hot spatula around its edge. This forms a cup- 
like matrix into which the investment is cast. 

The investment is now mixed as described above and first applied 
thoroughly to the palatal surface of the plate, allowing it to flow 
between and over all exposed portions of the teeth. The matrix is 
filled three-quarters full and the plate inserted, palatal surface down- 
ward, and pressed down until it is within 7; inch of the glass slab. 
The excess of material is forced up and around the teeth, covering 
the incisal and occlusal surfaces to a depth of ¢ inch and filling in 
the lingual side of the vault. 

The investment should be fully set before it is removed from the 
matrix. After it is thoroughly dry and hard the wax may be detached 
from the teeth by subjecting the case to dry heat until the platinum 
becomes warm, when the wax may be readily removed. Hot water 
should never be used, as it destroys the integrity of the investment 
material, thereby frequently causing it to fracture under the subsequent 
application of heat. 

All surfaces from which the wax has been removed are to be thor- 
oughly cleansed with chloroform. 


SOLDERING. 


The pins of the teeth are bent so they are in perfect contact with the 
wire and plate. Small squares of platinum solder are placed at 
these points of contact and retained in position by a coating of borax. 
The borax is not intended as a flux, as the noble metals do not oxidize 
and a flux is not required, but it keeps the solder in place. ; , 

There are numerous methods of heating up the case preparatory to 
soldering. Quite a satisfactory one which the author has frequently 
used is to set the invested case in a bed of broken pieces of burnt fire- 
clay over a Bunsen burner. This fire-clay is prepared by incorporating 
with it starch or sawdust, breaking it up into pieces of suitable size, and 
firing them. ‘The combustible constituents burn out, leaving the pieces 
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porous. When thus prepared the mass may be heated thoroughly in 
a very short time, and it also possesses the advantage of cooling slowly. 

With the aid of an ordinary gas blowpipe the case is gradually heated 
to a dull orange color (2000° F.). The flame from the oxy-hydrogen 
blowpipe is then directed against the parts to be soldered until the 
solder flows. 


Fie. 494.—Full upper base-plate, showing wire soldered upon top of ridge and teeth 
soldered on. 


Each pin should be carefully examined to see that it is securely 
attached to the wire or plate. When we are assured of this, the case is 
allowed to cool gradually; this is conveniently done by placing a cover 
over the receptacle containing it. When quite cool the investment is 
removed and the denture boiled in dilute sulphuric acid, and washed 
in water until every trace of foreign substance is removed. It is now 
ready for its final trial in the mouth (F ig. 494). The adhesion and artic- 
ulation are noted; any slight corrections in the arrangement of the teeth 
may be made at this time. After it is removed from the mouth, the 
plate is placed on the cast, and all surfaces of the platinum to which the 


porcelain is to be applied are roughened by gentle scratching with a 


sharp excavator. 

The plate is made scrupulously clean by washing with chloroform 
or alcohol and is ready for the first application of body. The utmost 
degree of cleanliness must be observed in all the subsequent manipula- 
tions. Any dust or particles of foreign matter coming in contact with 
the porcelain body will seriously affect the beauty and integrity of the 
finished product. 

The Porcelain Body and its Manipulation.—The degree of success to 
be achieved now depends upon the skill and judgment manifested in 
dealing with the purely ceramic features of the case. The manipu- 
lation of the porcelain paste is considered in three stages; upon the 


application and carving of the first coat of body largely depends the 


final artistic effect. For the application of the paste and its esthetic 
carving, the set of instruments illustrated in Fig. 495 will be found 


very useful. 
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The porcelain body is prepared on a clean glass slab. It is mixed 
into a paste with distilled water to the tonsistence of thick cream. 
It is applied first to the lingual concavity of the palatal portion of the 
plate, between and about the roots of the teeth, jarring the plate at 
intervals to insure compactness of the body. The moisture rising to © 
the surface is to be absorbed with clean blotting paper cut into strips 
for the purpose. If slight pressure is exerted with the blotting paper 
upon the surface of the body it will be condensed and less shrinkage 
will ensue. When this portion is covered uniformly to the proper 
thickness, which is that of No. 24 gauge, the ruge and other features 
found in the roof of the mouth are modeled in the body. 


Fria. 495.—Instruments for carving the porcelain paste. 


On the labial and buccal surfaces the paste is applied in the same 
manner. The contours of these regions are roughly brought out in the 
manipulation of the body, but no attempt is made at accurate carving. 
No instructions may be given as to the correct carving of these features. 
This must be learned by a close observation of Nature and by abundant 
practice. The crowns of the teeth are kept well defined and thoroughly 
freed of any adhering porcelain paste. 

To prevent the teeth from moving and the plate from warping by 
the contraction of the body in fusing, it is necessary to take into account 
the shrinkage which will take place in this process. Shrinkage occurs 
in three stages of the baking: (1) As the water dries out of the mass 
and the solid particles more closely approximate each other; (2) when 
the particles begin to combine by fusing; (3) as the mass becomes 
vitrified. The principal cause of shrinkage may be said to be the 
agglomeration of the particles which were previously mechanically 
separated by the water expelled in the drying out process. This is 
followed by the fusing of the component parts of the body, and further 
contraction is due to this. 

When the mass of porcelain is attached to a platinum base it will 
either separate at its weakest place or the plate will warp; conse- 
quently, to prevent either of the above contingencies, shrinkage must 
be provided for by dividing the porcelain body into small masses so 
disposed that their contraction will neither disarrange the teeth nor 
warp the plate. A fine ribbon saw is passed between each tooth 
dividing the body entirely to the base. The cuts are continued on the 
lingual aspect of the plate. . 

It is noticed in firing the low-fusing bodies, that the contraction is 
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largely vertical,| because of their tendency to assume a globular form 
when fused. The high-fusing bodies stand as carved, contracting sym- 
metrically to the mass when uninfluenced by any extraneous factors. 

The case, now ready for the first baking, is placed in the furnace, 
resting upon the palatal portion of the original investment, or, better, 
upon a support of iridio-platinum wire bent into a “V” shape with 
upturned ends. : 


FURNACES. 


The great length of time necessary to heat up the old style porcelain 
furnaces was a strong objection to this kind of work; consequently, to 
meet the requirements of the present day a furnace intended for con- 
tinuous-gum work must be available, which can be used with the 
expenditure of less time than formerly. It must be so constructed 
that there is no possibility of a contamination of the porcelain denture 
by the products of combustion. 

Wherever it is possible to use it the operator will make no mistake 
in selecting one of the approved electric furnaces which the manufactur- 
ers are now offering. Among the many advantages possessed by this 
type of instrument, may be mentioned the facility with which it may be 
handled and the small space which it occupies. With it there is no 
danger of “gassing” the work. Its cleanliness, the complete absence of 
odor and noise, and its beauty of finish as now constructed, recommend 
it highly in the furnishing of a well-equipped laboratory. If lack of 
space in the laboratory prevents it may even find a place in the operat- 
ing room. The chief advantages, however, of the electric furnace are 
the ease and accuracy with which the requisite heat may be applied, 
controlled and maintained. The construction of the furnace is such 
that the case may be heated uniformly and evenly throughout, the 
degree of heat is under perfect control and it is claimed that porcelain 
fused by this method possesses unusual clearness and density. 

In those localities where the electric current is not available, the 
operator may find his demands satisfactorily met by the use of some 
form of the gasoline furnace. Very excellent results may be obtained 
by this method of fusing porcelain and the country practitioner need 
not hesitate to undertake the work with a furnace of this character. 

A thorough acquaintance with the management of the furnace is 
indispensable, as probably the most prolific source of failure in con- 
tinuous-gum work is lack of knowledge in this regard. Each indi- 
vidual furnace should be accurately tested by the operator and its 
working capabilities carefully observed. The temperatures at which 
the different porcelain bodies and enamels fuse should be noted; also 
the effects produced upon them by variations above and below their 
fusing-points. Where a case necessitates several bakings with the same 
body, the temperature scale must be marked for the proper limit of 
fusing for each baking. Because of the fact that the formule of porce- 
lain bodies and enamels on the market vary in composition, fusibility 


556 CONTINUOUS-GUM DENTURES 


and other physical properties, no general rule, can be given for the 
regulation of temperatures. If the composition of all the bodies were 
the same and their working qualities were constant, the fact would still 
remain, that each furnace is a law unto itself. This applies not only 
to furnaces of different manufacturers but to those of the same make. 
Until recently, no positive test for the correct fusing-point was 
known. Fairly good results may be obtained by placing a pellet of 
pure gold in the muffle of the furnace near the denture, and after this 
melts at 2016° F., by maintaining the heat for a definite length of 
time. 


Fig. 496.—Le Cron’s pyrometer. 


More accurate results are secured by using the pyrometer (Fig. 496), 
designed by the author. This device is exceedingly simple in con- 
struction. A small cube of soapstone is excavated to resemble an 
hour-glass; into the upper expanded cavity is placed a small spherical 
mass of an alloy composed of platinum and gold. The relative pro- 
portion of the two metals governs the fusing-point of the alloy; so by 
varying the proportions, the temperature may be graduated to any 
extent within the limits desired. The proper temperature of fusing 
for a given body is matched with a pellet of alloy. The pyrometer is 
set in the muffle, and when the temperature at which the porcelain 
fuses has been reached the little metal ball melts and runs down into 
the lower chamber. 

Below are tabulated the results of experiments conducted by the 
writer with the pyrometer to determine the fusing-points of some of 
the more prominent porcelain bodies found on the market. 


Allen’s boty i. 5 RS a ee ee 2340° F. 
Close’a body =r Ae ee as i ee 2290° F. 
White’s inlay ey hagas Bs Ee? ade i ae i ape aie el He 
Whiteley’ ails ee eo es ae 2240° F. 
‘Ash high-fusiig’ {2 Yall Ps see 8h og ge 1900° F. 
Gum enamel (Close and Whiteley’s combined) . . - - - 2140°% 


In the further prosecution of these experiments the writer is led to 
the conclusion that the maximum strength obtainable in porcelain is 
developed by the proper regulation of the heat. If underbaked it will 
be brittle, flaked and incapable of withstanding the stress of mastica- 
tion; while overbaking causes porosity and diminution in power to 
resist crushing stress. 
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First Baking.—The piece is placed in the muffle of the electric fur- 
nace. It is desirable to heat it up slowly at first, so that it may dry 
out and so that it will not flake by the sudden formation of steam in 
the body from the water used in mixing it. The heat is turned on and 
gradually raised, placing the lever of the rheostat on the first button. 
It is allowed to remain on the first button for five minutes and then 
turned to the next button; on this and each of the following buttons 
it remains two or three minutes, until the last one is reached, where it 
rests. 

During this time the case is watched carefully to determine the 
proper degree of baking. Less heat is required for this than for sub- 
sequent firings. The baking is carried to what is known as the granu- 
lar or biscuit stage, at which point,all shrinkage has taken place. The 
surface is not quite glazed, but presents rather a frosty appearance. 


Fic. 497.—Labial and buccal view of denture after first baking. 


When the process of fusion has reached the desired stage as indi- 
cated by the pyrometer, the rheostat is thrown back and the current 
turned off and the case allowed to remain in the muffle until cooled. 
It is then placed upon the die and the rim turned with flat-nose pliers 
and riveting hammer, holding the plate firmly in place. The rim is 
turned to the desired angle, which depends upon the thickness of the 
gum, the purpose being to make the external surface of the rim and 
that of the porcelain of the gum continuous in the finished piece. The 
case then presents the appearance illustrated in Figs. 497 and 498. 

The case is now ready for the second application of porcelain. The 
paste is mixed and applied as in the first instance, filling in the fissures 
and restoring more fully the contours. When this is done all traces 
of the paste are removed from the surfaces of the crowns of the teeth 
and platinum base which are not to be covered with porcelain. This 
may be done with a camel’s-hair brush, the bristles of which have been 
cut off to make them stiff. The plate is now placed in the muffle 
as before and subjected to the second firing. The temperature for 
this operation is carried a few degrees higher than in the first baking 
in order to produce more complete fusion of the porcelain body. The 
porcelain body is brought just to the verge of a glaze: its surface should 
show a sparkling granulated appearance. Carrying the heat beyond 
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the stage necessary to produce this effect lessens the strength of the 
porcelain, and makes it impossible to obtain the translucent appearance 
of the gum when the gum enamel is applied. (Fig. 499.) 

After being allowed to cool as before, the denture is tried in the 
mouth to note if any alterations in its form have taken place. The 
extent of the buccal and labial contours of the denture is also noted. 
If too full at any place, the contour may be reduced by grinding; if 
lacking at others, more porcelain may be added and the piece rebaked. 

Applying the Gum Enamel.—The gum enamel is now prepared by 
mixing it with distilled water and it is applied in the same manner as 
the body. The denture should be wet to facilitate the placing of the 
enamel. This layer should be thin and so applied as to preserve the 
distinctness of the gum outlines. By varying its thickness those differ- 
ences in shade observed in the natural gum over the roots of the teeth 
may be secured, as the yellowish-white of the body is allowed to show 


Fig. 498.—Lingual view of full upper Fria. 499.—Lingual view of partial upper 
denture after first baking. denture after second baking. 


through more or less clearly at these points. The outlines of the necks 
of the teeth and ruge are clearly defined. All superfluous portions of 
the paste are carefully removed, using small camel’s-hair brushes and 
instruments designed for the purpose. The piece is again subjected 
to the heat of the furnace. 3 

The exact degree of heat necessary to develop the full beauty and 
strength of the case can only be determined by experience. When the 
heat approaches the fusing-point it is well to turn off the current and 
make an inspection. When finished it should present a smooth, glossy 
appearance. If the heat is carried a few degrees too far, the color 
begins to fade and its brilliancy is lost. Frequently little pieces 
become detached and minute cracks present themselves. These defects 
may be remedied by applying more enamel and repeating the baking. 
The natural gum effect cannot always be secured with the enamels as 
found on the market. A combination of several of them often pro- 
duces the shades desired. The writer obtained desirable results in 
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many cases by|combining the Close and Whiteley gum enamels and 
adding a small quantity of White’s inlay body. Doubtless other com- 
binations produce equally good results. With the exercise of patience 
the operator can obtain almost any shade desired. 


Fre. 500.—Lingual view of upper denture Fre. 501.—Lingual view of upper den- 
after baking of gum enamel. ture after baking of gum enamel, show- 
ing omission of one tooth and irregular 

alignment. 


Fie. 502.—Buccal and labial view of denture after baking of gum enamel, showing 
imitation of recession of gums, and staining of necks of the teeth. 


Fie. 503.—Buccal and labial view of denture after baking of gum enamel, showing 
omission of one tooth and irregular alignment. 


The finishing process consists simply in smoothing and polishing 
the metallic surfaces and washing the denture. The metal portions 
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must have any marks due to files or pliers removed, and the polishing 
is done on the lathe in the same manner as for any other metal-base 
denture. 

Mineral Paints.—As previously mentioned, there are often condi- 
tions of the natural organs associated with decay and discoloration 
from other causes, which may be imitated in the porcelain teeth by the 
judicious application of mineral paints. The method of applying and 
fusing these paints may be readily learned, and a little study in the 
mixing and blending of colors will enable the operator to produce very 
correct imitations of these defects in natural teeth. (See Chapter VIII.) 

These stains are applied on or around the cervical margins, the 
cutting edges, occlusal surfaces or any other portion of the tooth, imi- 
tating those discolorations seen in the recession of the gums, mechanical 
abrasion, devitalized or decayed teeth. The effect is still more pleasing 
if previous to staining, the cusps or edges of the teeth are ground off to 
imitate the wear incident to age. Pitting or other defects of structure 
which obtained in the natural teeth may be well imitated by this pro- 
cedure. There is practically no limit to the possibilities offered by this 
process in the hands of a skilled operator. 


FULL LOWER DENTURE. 


The general considerations set forth under the discussion of the full 
upper continuous-gum plate, apply equally to other forms of plate 
embraced under this title. Hence in discussing the full lower or the 
partial upper and lower plates, it. will only be necessary to men- 
tion those departures from the general line of procedure which are 
made necessary by the requirements of the particular case. 

The first step in the construction of the full lower case is that of 
forming the pattern. Heavy tin-foil is accurately adapted to the die 
and trimmed slightly larger than the plate ‘outline to provide for any 
possible displacement of the plate in swaging. Great care must be 
observed in preparing patterns for lower and partial cases to prevent 
change of form when the tin-foil is flattened out, for should this occur 
a plate cut to such an inaccurate pattern would be useless. Because 
of the inherent weakness in the shape of a lower plate, heavier gauges 
are used than for upper cases, and, furthermore, these are especially 
reinforced. The quality of lightness is not so much a desideratum as 
in the upper denture, and strength may be gained in this manner with- 
out affecting the success of the denture. The pattern is reproduced 
in No. 28- to No. 30-gauge platinum plate, and this is reinforced around 
the anterior lingual curve with a piece of iridio-platinum plate No. 26 
gauge. The supplementary piece should extend from the rim on the 
lingual surface, up and well over the ridge as in Fig. 504. 

The rim may be turned as for an upper plate if it is desired, but a 
platinum wire No. 18 gauge, soldered along the borders of the plate, is 
to be preferred. This will not only provide additional strength, but it 
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permits the trimming of the plate edges, which is so often necessary 
with lower dentures. An iridio-platinum wire No. 14 to No. 16 gauge 
is to be adjusted on the ridge of the plate under the pins of the 
teeth, as in the upper plate. This serves for the attachment of the 
pins. The subsequent procedures are the same as those outlined for 
a full upper case. 


Fia. 504.—Reinforcement of full and partial lower plates. 


PARTIAL DENTURES. 


Continuous-gum is employed to best advantage for partial restora- 
tions in those cases in which the teeth to be replaced are in an unbroken 
column. More patience and skill are required in the construction of 
partial dentures than in either a full upper or lower. Each individual 
case presents features peculiar to itself, and each will suggest the 
proper procedure. ‘The chief difficulties encountered are in prevent- 


ing the plate from folding or splitting during the swaging. Frequent 


annealing, the skilful use of the pliers and mallet, and the cutting 
away of the surplus metal at difficult points about the natural teeth, 
will aid in avoiding these dangers. 3 
Partial Upper Dentures.— When a partial upper case presents, th 
first thing to be determined is the mode of retention. There are two 
general methods by which the stability of the denture in the mouth 
may be secured. In the one case, the retention is obtained by the 


‘combined forces of atmospheric pressure and adhesion, the denture 


covering the entire surface of the hard palate. In the other case the 
retention depends upon attachment to the natural teeth remaining in 
the arch, the denture being in the form of a horseshoe, and covering 
only the alveolar ridge. | 

To illustrate the application of the first method, we may take a form 


_ of denture carrying the posterior teeth. Obviously, retention by clasps 


in this case would be unsatisfactory, although it is possible even here 
to obtain fixation in or to the natural organs by special means. ‘Two 
36 
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patterns are prepared: That for the primary plate, extending over 
all surfaces intended to be covered; viz.: the vault of the mouth, alve- 
olar ridges and buccal surfaces. This is reproduced in No. 34 plati- 
num plate. The second pattern is reproduced’in No. 30 iridio- 
platinum plate. It conforms to the shape of the first, except that 
it does not extend over the ridges. 


Fig. 505.—Full upper denture with lingual surface of teeth carved in porcelain; denture 
carrying large contours. (Wilson.) 


Each lamina is swaged separately and then the two are swaged 
together. They are then united with platinum solder, the lateral 
margin of the supplementary piece being left free to form the lingual 
boundary of the porcelain. In this case the palatine surface is not cov- 
ered with the body and no rim across the posterior border is required. 
The buccal rim may be formed by turning or wiring. 

The patterns for the denture to be retained by the second method 
are adapted to the cast, and conform to the horseshoe shape, leaving 
the height of the vault free. The denture is preferably constructed of 
two lamin, the primary of No. 30-gauge platinum, the second of No. 
26- to No. 28-gauge iridio-platinum plate. They may be cut to the 
same pattern, though the borders of the first should be allowed to pro- 
ject slightly to provide support for the solder. The rim and lingual 
boundary of the porcelain are formed by attaching No. 18 platinum 
wire. This style of denture may be used to replace the anterior teeth 
with some of the bicuspids or molars remaining to afford attachment 
for the clasps. These latter are adjusted as for other swaged plates, 
but iridio-platinum must be used instead of the clasp metal, as the 
latter will not stand the high temperatures of porcelain baking. 

Combination clasps of platinum and clasp metal may be made and 
attached in the following manner: The clasp metal is cut and adapted 
to conform properly to the tooth; around this is adapted thin iridio- 
platinum. ‘The iridio-platinum clasp is waxed to the plate, removed, 
invested and soldered, It also serves as a matrix against which to 
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build the body. The ceramic part of the denture is then finished and 
the gold clasp placed in position in the attached clasp, properly invested 
and soldered with 18-carat gold solder. The objection to this combi- 
nation lies in the fact that, in case the denture requires repairing, the 
use of low-fusing body is necessitated. 


Fic. 506.—Occlusal view of completed full lower denture. 


Fig. 507.—Lingual view of completed upper denture. 


~~ 


Partial Lower Dentures.—An ordinary form of partial restoration to 
which continuous-gum is applicable is that replacing the inferior bicus- 
pids and molars. For these cases the pattern is reproduced in plati- 


hum plate, No. 30. A common source of annoyance in swaging plates 


for such a case is the tendency of the anterior part of the plate to 
displacement downward on the die. This may be prevented by allow- 
ing the sheet metal to extend over that part of the die representing the 
teeth and by bending it over their occlusal ends. A reinforcing piece 
of No. 24 iridio-platinum plate is applied to that portion of the lingual 
surface of the plate lying behind the natural teeth. This should 
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extend well beyond the remaining teeth on each side and from the 
lower to the upper borders of the plate. The break in the continuity 
of the denture at the site of the natural organs makes it imperative 
that additional strength be provided to overcome the natural weakness 
at this point. | 

The rim is formed by soldering platinum wire No. 18 to the free mar- 
gins of the plate. The other boundaries which limit the porcelain 
should likewise be covered with the wire. It will be observed in the 
illustration (Fig. 504) that the porcelain is not to be carried across the 
- anterior lingual surface but is limited by the wire. If the curve of the 
alveolar ridge is marked, the plate may be braced as illustrated in 
Fig. 504. 


TUBE TEETH WITH CONTINUOUS-GUM. 


M. B. Platschick, of Paris, has a very ingenious method for the use 
of tube teeth in the construction of continuous-gum dentures, by means 
of which he obviates the necessity of primarily attaching the teeth to 
the plate with solder. 

A platinum plate of full size is swaged after the ordinary methods; 
then another narrow plate is swaged to cover only the ridge or places 
where the pins are to be attached and the two are soldered together. 
The plate is then tried in the mouth and adjusted perfectly, any 
impingement upon movable tissues being relieved by trimming. 

The rim is formed by soldering to the buccal and labial margins of 
the plate a platinum wire of special form obtained by means of a 
draw plate designed to produce it. In addition to furnishing a rim, 
this also reinforces the piece, and the form of the wire is such that a 
recess is left under its margin for the attachment of the porcelain body. 
It also permits the making of changes by trimming, which may be 
subsequently necessary despite the most careful fitting of the plate, 
when it is tried in the mouth. 

The tube teeth are now ground and roughly adjusted to the plate. 
A fine adjustment would be unnecessary, as the little spaces existing 
between the teeth and plate are easily filled in with the porcelain body. 
When the teeth are adjusted and the articulation is satisfactory the 
teeth are secured to the plate with wax to maintain them in position. 
A plaster wall is formed over their external surfaces, the wax is removed 
and with a sharp-pointed instrument passed through each tube; the 
positions of the pins are marked upon the plate. The pins, of iridio- 
platinum wire fitting the tubes, are adjusted and soldered in place as 
indicated by the marks on the plate. The piece is now pickled and 
washed thoroughly, after which the application of the porcelain is 
begun. A little porcelain paste is applied around each of the pins and 
the teeth are then forced over them into place. More paste is then 
added about the necks of the teeth, and the opening on the occlusal 
surface is closed in like manner. The teeth are now fixed in their 
respective positions by baking, usually two firings being necessary for 
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this purpose. After the teeth are thus fixed, the various applications 
of body and enamel are made as previously described in the usual 
procedure. 


REPAIRING CONTINUOUS-GUM DEN TURES, 


An objection formerly urged against the employment of continuous- 
gum dentures was the difficulty of repairing them in case of fracture. 
The validity of this objection could not be questioned when the old 
methods were in vogue, but now with a more precise knowledge of the 
materials at our disposal, and with the valuable acquisition to our arm- 
amentarium of the electric furnace, we are enabled to undertake opera- 
tions for the repair of these cases with the assurance of complete success. 

When a case is presented for repair, before any other steps are taken, 
_all foreign or extraneous material must be completely removed, not 
only from the free surfaces of the piece, but from the cracks and fissures 
as well. Any such material allowed to remain will exercise a deleteri- 
ous influence upon the porcelain. The denture should first be scrubbed 
in water containing a little ammonia. To insure effectually the further 
removal of the accumulations, the plate is encased in an investment 
of asbestos and plaster, placed over a gas stove, and gradually heated 
to redness. During this process the foreign matter is carbonized. 
After cooling slowly, the denture is removed from the investment, 
washed with soap and water, and further cleansed with alcohol. It 
is then placed in the furnace and again heated to redness. 

A detached fragment of a tooth, provided the line of fracture be dis- 
tinct, may be readily replaced by the aid of liquid silex. The silex is 
applied to the broken surfaces, the fragment pressed to place, and the 
case heated in the furnace to an orange-red color. This gives a ready 
and quick method for this kind of repair which may be particularly 
useful in emergencies. 

No attempt should be made to replace a broken tooth or teeth until 
the remaining portions are ground away. On the lingual surface the 
porcelain is removed until the platinum base or wire is exposed. The 
grinding on the buccal or labial surface should be sufficient to permit 
the proper replacement of the lost tooth. Teeth are selected of a mold 
and color to correspond with those remaining on the denture. They 
are ground to fit the spaces prepared for them, and at the same time 
are given a correct articulation. They are waxed in position and, if the 
length of the column of teeth to be replaced demands it, they are given 
a coating of shellac varnish and the piece invested to hold them in 
position. ‘This wax is removed, and the pins are attached to the plate 
as previously described, this time, however, using pure gold as the 
connecting medium and the furnace as the means to fuse it. The 
unequal heating involved in soldering with the blowpipe would 
endanger the integrity of the porcelain. The case is allowed to cool, 
removed from the investment and cleansed. The body is applied and 
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baked to the granular stage, after which the enameling is done as 
before. 

It is feasible to replace one or two teeth without attaching the pins 
to the plate with solder, the porcelain material alone maintaining them 
in position. In simple repairs of this kind it is only necessary to 
grind away enough porcelain to permit the tooth to be set in place. 

The teeth may also be retained in proper position by adapting a 
platinum wire No. 30 around the plate to rest upon the labial and 
buccal surfaces of the teeth. The ends of the wire are engaged between 
or around the posterior teeth remaining on the denture. 

If there is a break in the continuity of the platinum base, and it is 
not extensive, it may be repaired by grinding away the porcelain 
immediately about it, adapting a thin piece of platinum plate to 
the break and soldering it with pure gold in the furnace. The porce- 
lain body and enamel are then applied as already described. 

Cases sometimes present which after years of service cease to be 
useful because of the changes in the mouth incident to resorption of 
the process. In such a case it will be necessary to take a new Impres- 
sion, obtain dies and counter-dies and reswage the plate after remov- 
ing the teeth and porcelain. This may be done by subjecting the 
denture to a red heat under the blowpipe or in the furnace and then 
plunging it into cold water. The porcelain will fracture and may be 
easily detached. All the porcelain portions of the denture may be 
effectually removed by immersing the plate in hydrofluoric acid for a 
few hours. After reswaging, the process is the same as for constructing 
the original denture. 


COMBINATION OF CONTINUOUS-GUM AND VULCANITE. 


The ingenuity of the operator may find a fruitful field of employ- 
ment in the various combinations of continuous-gum with vulcanite. 
The lightness, cheapness and accuracy of adaptation of vulcanized 
rubber may at times be joined advantageously with the esthetic 
qualities of porcelain. 

Cases presenting extremely long bites in which the increased weight 
of the continuous-gum might prove objectionable may, with advantage, 
be restored by such a combination. A cast of the jaw is obtained, 
‘covered with a base-plate of gutta-percha, and from the model so 
prepared dies and counter-dies are made. A platinum plate, No. 34, 
is swaged to cover the alveolar ridge, making no provision for the 
rim. The plate is perforated at various points, and through these 
perforations after the porcelain body has been applied, but before 
baking, retaining pits are made in which to engage the vulcanite. 

The plate is warmed and set over the gutta-percha; the bite taken 
and the articulation of the teeth secured in the usual way. . It is then 
separated from the gutta-percha, invested, and the teeth soldered to 
the plate or stays. The body and enamel are applied and baked. 
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When this part of the denture is complete it is set over a wax base- 
plate, the articulation adjusted and the waxing process completed. 
The case is then flasked and the succeeding steps are analogous to 
those described in the chapter on Vulcanite Dentures. 

Continuous-gum sections or full pieces may readily be constructed 
and mounted in the vulcanite without the platinum base. Upon a 
base-plate of wax, continuous-gum teeth are arranged and properly 
articulated. The labial and buccal contours are restored in wax; a 
coating of shellac is applied to the teeth and the case is removed and 
invested with the teeth downward in a shorseshoe-shaped bed of 
investment material, $ inch thick, placed on a glass slab. The invest- 
ment is built about the wax gum, covering it to a depth of 4 inch and 
extending well over its edge. The wax is thoroughly removed after 
the investment becomes hard. An iridio-platinum wire, No. 18, is 
adapted against the necks of the teeth under the pins, bending the 
latter securely around the wire to maintain the teeth in place. That 
part of the investment previously covered by the wax is now oiled, 
and the porcelain paste packed in, applying it between and in front 
of the roots flush with the lingual surfaces of the teeth to take the 
place of the wax. The case enclosed in the investment is now intro- 
duced into the muffle with small pieces of pure gold applied to the 
junction of each pin. The gold solder unites the pins and wire and 
at the same time the porcelain body is baked. 

When cool, the case is removed from the investment and cleansed, 
given its enamel baking and then set on the cast, waxed in proper posi- 
tion and the denture is finished in vulcanite. 


SIMPLIFIED TECHNIC FOR PORCELAIN DENTURES. 


Dr. P. C. Tennis! describes a newer method of making a continuous- 
gum denture, which apparently has some advantages and which is as 
follows: — 

The methods of making porcelain dentures in the past have been 
not only difficult, but hazardous and detrimental to the porcelain 
teeth in the process of making porcelain dentures, for the reason that 
it was necessary to subject the teeth to the heating process from five 
to seven times during the soldering and the baking of the denture. 
The heating of the teeth so many times not only affects their shade, 
but causes them to become weak and brittle. With the technic herein 
described, it is only necessary to carry the teeth through the heating 
process from two to three times at the most. ; 

The first requisite of a successful porcelain denture is a good impres- 
sion, as the denture will not fit any better than the impression. After 
a suitable impression is procured, a cast is made. A die is then made 
of some good hard metal and with a suitable counter-die the platinum 
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base is swedged. The case is now ready for setting up the teeth for 
articulation, alignment, checking the bite, etc. After determining the 
position of the teeth, we proceed as though we were making a transfer 
of an old denture, that is, the cast, the platinum base, the wax base 
and teeth in position are mounted on the articulator together with a 
plaster cast of the lower jaw. The lower half of the articulator, carry- 
ing the plaster cast of the lower jaw is removed and replaced with a 
lower bow. Upon this lower bow of the articulator soft plaster is 
built and in this plaster the incisal and occlusal surfaces of the teeth of 
the upper denture are embedded about jj, inch. This is done by 
simply closing the upper half of the articulator, containing the teeth 
waxed to the platinum base, into the soft plaster. 

After the plaster has hardened all the, wax from the base and teeth 
‘s removed. The teeth are now placed back into the plaster matrix 
just made, and held there firmly by placing a small amount of sticky 
wax around them. This is quite necessary, as the case is now ready 
for the building of the porcelain on the platinum base down to the © 
teeth, and as it will be necessary to close the articulator many times 
while building on and condensing the porcelain, the teeth must be held 
securely. 

The porcelain used is S. S. White No. 37 or No. 40 M, which fuses 
at 2300° F. Of all the porcelains used, the writer finds this, when 
baked, very dense and without the porosity common to most porce- 
lains. It can also be ground with a fine stone and water and left very 
smooth, thus enabling one to grind the denture without fear of leaving 
a roughened surface, something that is difficult with other porcelains. 

A large mix of porcelain is now made ready, stirring with a spatula 
to the consistency of thick cream. A quantity of porcelain is placed 
on the platinum base, condensed by passing a roughened instrument 
over the edge of the base and the moisture removed with a towel. 
Sufficient porcelain is added to the ridge of the platinum base only, 
leaving the palatal portion until the second bake. After building the 
porcelain completely down to the teeth and when sure that it is properly 
condensed, it is placed in the furnace and the heat raised to the proper 
temperature. It is not necessary to carve V-shaped grooves in the 
porcelain at any place as was done in the old method. Only the base 
with the porcelain is placed into the furnace at this time. After 
baking, the base with porcelain is placed back on the articulator, and 
if it is found upon examination that the porcelain is in contact with 
all the teeth, we proceed with the next step. 

The base with the porcelain is now waxed to the teeth with sticky 
wax so that they will be held firmly while a matrix is being made; the 
incisal and occlusal surfaces of the teeth are painted with a coating of 
shellac (heavy) and allowed to dry. Alundum cement is mixed to the 
consistency of putty and rolled into the shape and about the size of a 
large pencil. This cement is placed upon a blotter and the teeth 
embedded into it about 3; inch. The entire mass is placed upon a slow 
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fire and gradually dried until the cement has set, removing the wax as 
it begins to melt. As soon as the porcelain can be separated from the 
teeth, the cement containing the teeth is placed into the furnace and 
the heat raised to about 600° F. The teeth are thus cleansed and 
the cement hardened sufficiently so that it may be handled without 
danger of breaking. 

__ It may be necessary to place the base containing the porcelain into 
the furnace and heat it to 600° F. to burn off any wax that may have 
remained. Everything is now ready for adding porcelain for the 
second bake. ‘The cement matrix containing the teeth is placed upon 
the base containing the porcelain, and porcelain added around the 
teeth, building up the contour as desired and covering the palatal 
portion. The case is now placed into the furnace and baked, fusing 
this second bake just a little lower than the first. This accomplished, 
we can build on the pink enamel. The cement matrix may be removed 
after the second bake to gain access to the denture for the placing of 
the pink enamel to better advantage. 


CHAPTER XV. 
ARTIFICIAL CROWNS. 
By FREDERIC A. PEESO, D.D.S. 


Tue use of an artificial crown is indicated when the natural crown 
of a tooth is so injured by accident-or caries that it is impossible to 
restore it with an inlay or a filling without rendering it unsightly, or 
impairing its usefulness. 

There are many types of crowns manufactured by the different 
dental manufacturing companies, or made in the dental laboratories, 
any one of which may be indicated under certain conditions. Of those 
most commonly used in the anterior part of the mouth and purchasable 
at the dental depots, are the all-porcelain crowns, among the earlier 
of which were those of the Logan type, in which the post was an integral 
part of the crown, being baked into the porcelain. (Fig. 508.) 


Fig. 508. Fic. 509 


Other designs were those of the Bonwill type, in which there was an 
opening entirely through the crown (Fig. 509), the post being set in 
the crown with amalgam or cement, and then cemented to the root. 

The above two types are becoming obsolete, having been largely 
replaced by crowns of the Justi or Davis types having a hole in the 
base extending part way to the incisal edge or occlusal surface. (Fig. 
510.) These crowns are ground to fit the tooth root, a post is cemented 
into them and the crowns then cemented to the roots. 


Fie. 510 


These crowns are applicable to almost any case, but, except for 
temporary work, should not be used without banding the root, as an 
unbanded root carrying a crown is liable to be fractured. 

(570) 
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Another crown which is easily made and produces a good effect, is 
known as the Downey crown. The cap and post is made of iridio- 
platinum. A facing is used, grinding it to fit and building’ up the 
lingual side with porcelain. 

The crown generally known as the Richmond crown was made by 
grinding a pin facing to the floor of the cap, backing it with pure gold 
or thin platinum, waxing it to the cap, investing and soldering. This 
crown was very common a few years ago, but it has lost its popularity, 
except as an abutment for bridgework, and is being replaced by all- 
porcelain crowns. A crown with a metal backing can never be as 
artistic as an all-porcelain crown. The metal back destroys the trans- 
lucency of the porcelain. In certain lights, the matching in shade and 
shape may be perfect, but in another light, or viewed from a different 
angle, the shade may be poor and the crown present a dull, lifeless, 
unnatural appearance. 

Another feature in favor of an all-porcelain crown is its strength. 
An all-porcelain crown, if it is properly made and mounted, is far 
stronger and less liable to fracture than is a facing crown, however 
well made. 

In all restorations, there must be a thorough understanding of the 
anatomical relations and of the directions of the stress which any tooth 
may have to withstand under normal or abnormal conditions, and the 
crown must be made in accordance with these conditions. | 

Under normal conditions, the stress on the molars and bicuspids of 
the upper jaw is upward and outward, the inward stress being compar- 
atively slight. On the cuspids and incisors, the stress is outward and 
forward. 

In the lower jaw with the molars and bicuspids, the stress is down- 
ward and inward, although the lateral stress is probably not as great 
as it is in the upper series. 

With the six anterior teeth, the stress is backward and inward, while 
the shape of the arch is such as to prevent their being forced out of 
their normal position, each tooth or root acting as a keystone to sup- 
port the whole arch. 

The size and shape of the roots are also to be considered in all restor- 
ations. A root with a broad face presented in the direction of greatest 
stress, and having good length, will give far greater resistance than a 
shorter or smaller root. 

The length of the crown which the root will have to support must 
likewise be taken into consideration. A long root will safely carry a 
longer crown than will a short root, as the leverage would be much 
greater on the short root with a crown of the same length. 

It can be set down as a safe rule to follow, that the length of the 
crown should not be greater than the length of the root which is to 
carry it. There are exceptions to this rule in the case of bridges having 
several abutments. One or more of these roots may be shorter than 
the crowns they are to carry, as the other roots will help to support 
the weaker ones and there will be no undue strain. 
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The length of the cusps too is an important factor. If these are too 
long, a leverage is exerted which will soon bring about the destruction 
- of the root, especially if it be carrying a single crown. 


ESSENTIALS TO SATISFACTORY BRIDGEWORK. 


General Considerations.— When consulted regarding the advisability 
of inserting a piece of bridgework, there are three fundamental factors 
to be considered; the number, position, and condition of teeth or roots 
available as abutments. The whole story of requirements for this 
work may be summed up in these few words: If the available teeth or 
roots are lacking in number, or are unsatisfactory as to position or con- 
dition, an essential to success is wanting, and the work is contraindi- 
cated. 

There are certain mechanical and scientific principles governing this 
work and these same principles are involved whether we are placing a 
bridge in the mouth or across a river. There must:be sufficient number 
of abutments to carry the weight which will be imposed upon it, and 
their position and condition must be such as to give stability to the 
structure, and to withstand any strain to which it may be subjected, 
otherwise it will collapse. 

Partial Dentures vs. Bridgework.—In a very large percentage, prob- 
ably in the majority, of mouths where partial dentures are now worn, 
bridgework could be used to much better advantage, and would be 
far more serviceable than are the dentures. Partial dentures are 
always decidedly objectionable and are to be avoided if possible. The 
dentures almost invariably injure the soft tissues and the adjoining 
teeth, the pressure gradually forcing the gum away from the necks of 
the teeth, which are abraded by the constant movement of the den- 
tures, and in many instances this results in their loss. This is especially 
true where the denture is of small dimensions, carrying but one or two 
teeth. : 

In every case, or at least all but the simplest, it is best to take plaster 
impressions of the mouth and make accurately articulated models, 
trimmed so that they may be examined from every point of view, both 
from the inside as well as the outside. ‘These models should be studied 
carefully before deciding on any definite line of operation. 

The number, position, and general condition of the teeth being 
satisfactory, the success of a crown, or of a bridge, depends entirely 
upon the preparation of the teeth, or roots, which are to serve as abut- 
ments. By this preparation is meant not simply the mechanical trim- 
ming of the teeth or roots for the reception of the bands or posts, but 
it begins at the beginning with the treatment of any pathological 
conditions which may be present, the devitalizing and removal of the 
pulp, and the sterilizing and filling of the canals. This will be consid- 
ered in the succeeding chapter. 
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PREPARATION OF ROOTS. 


Under this heading are included, first, the therapeutic measures 
necessary to secure the continued health of all the dental tissues and 
their supports; and next the mechanical preparation necessary to form 
the root into a resistant base to which a crown may be fitted with 
exactitude. 

During the past few years, the members of the dental and medical 
professions have been much disturbed by the attitude taken by some 
members of both professions regarding the devitalization of teeth. 

1. There are some who assert that no tooth should ever be devital- 
ized for any cause whatever. 

2. Others contend that any tooth, in which the pulp is dead and 
where a radiogram shows the slightest disturbance in the apical region, 
should be removed immediately. 

3. Again there are some extremists who take a very decided stand 
against the retention in the mouth of any tooth or root in which the 
pulp from any cause whatsoever has been devitalized, even when the 
tooth is perfectly firm and comfortable and where the radiogram 
shows absolutely not the slightest indication of a diseased condition. 

These objectors find justification for their views in the readings of 
radiograms of the mouths of patients in which there are devitalized 
teeth and roots. 

Indeed, from the showings, they have some reason for their opinions, 
but because pathological conditions arise, due to bad work and faulty 
technic, it is no more reason for a general condemnation of any and all 
treatments of the pulp than it would be to condemn certain surgical 
operations because some surgeons are unskilful and perhaps do more 
harm than good. 

If, as the result of an injury to a leg or an arm, the bone becomes 
necrosed, would any sane surgeon advise the immediate amputation 
of the diseased member without an effort to effect a cure? He would 
not. Neither should a diseased tooth or root, which might be of the 
greatest value to the patient, be sacrificed without giving it every 
chance to become a useful member of the group of dental organs. 

Of course there are many teeth and roots in which there has been 
such extensive destruction of tissue as to show at a glance that there is 
no hope for them, and such teeth should be removed at once, as they 
are a menace to the health of the other teeth and to the general health 
of the patient. 

There are many other teeth, however, which show diseased condi- 
tions and which it would be a crime to extract without first striving 
to bring them to a healthy state. A great many teeth, in which the 
radiogram shows quite a marked disturbance in the apical region, will 
respond to treatment and become sound and healthy and do their 
work in a perfectly satisfactory manner for many years and without 
any recurrence of the original trouble. 
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The crown and bridge specialist comes in contact with any number 
of such cases, but if all of these teeth had been condemned without an 
effort to save them, incalcuable harm would have been done and many 
patients would have been deprived of bridges and crowns which have 
proven of inestimable value to them for many years and which have 
brought them health and comfort. 

If no tooth in which the pulp is dead, even where the radiogram 
shows a perfectly healthy condition of the root and surrounding parts, 
should remain in the mouth, what is to be done with a tooth which has 
an exposed, inflamed and aching pulp, or one where through an accl- 
dent the crown has been broken off? Are such teeth or roots to be 
sacrificed? They must be, if we are to follow the advice of the extrem- 
ists who call for the removal of all devitalized teeth. 

To extract such teeth would, in the writer’s opinion, be malpractice, 
and the ruthless following out of such a practice would result in untold 
harm, far more harm than has been caused by the conditions which 
already exist. | 

The question is, what can be done to remedy or to bring about an 
improvement in these conditions? 

One remedy is the acquirement of a higher degree of skill on the 
part of the operator and a special study of this work, under the direct 
supervision of experienced and skilled operators, would greatly reduce 
the danger of trouble due to unskilful operations. 

The introduction of the roentgen-ray machine has been of wonderful 
value to the dentist and, by its use, these operations have been greatly 
simplified and there is no longer the excuse for poor root work, for 
every step can be verified and if the operations are done aseptically, 
good results should be secured. 

Another way in which good results might be accomplished, is to 
have this work done by a highly qualified specialist. We have men 
who specialize in root work, devitalizing, treating and fillmg and also 
in the treating and filling of diseased roots. 

This has worked out very satisfactorily in many instances to the 
personal knowledge of the writer. 

Is it ever advisable or justifiable to devitalize the pulp of a tooth 
in order to utilize the tooth or root as an abutment for a bridge? 

Bridgework, if used only where it is indicated and if it is properly. 
constructed, is far more effective and enables the patient to masticate 
far more perfectly than is possible by the use of any partial denture 
which can be made and with practically no danger of injury to the 
remaining teeth, as is the case where a partial denture is used. No 
partial denture can be made which so nearly restores the lost formation 
of the dental organs as a properly constructed and perfectly articulated 
piece of bridgework. 

If a vital tooth is needed as a support for bridgework, and if the 
work is skilfully and thoroughly done, it is perfectly proper and justi- 
fiable to devitalize it and there will be no ill-effects from having such 
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a tooth in the mouth. There is far less liability of trouble from such 
a tooth than there would be from properly preparing and crowning a 
vital tooth or from placing a huge inlay capable of supporting such a 
bridge in a vital tooth. : 

Before undertaking the devitalization of any pulp, one or more radio- 
grams should be taken of the roots in order to determine whether the 
tooth in question can be utilized and whether the canals can be opened, 
enlarged, treated and filled to the apex. If the radiogram shows that 
any of the roots are so distorted that it is impossible to open them to the 
end, of course there should be no thought of devitalization, as such a 
tooth would be sure to give future trouble. | 

When about to devitalize a pulp, a radiogram should be taken before 
beginning the work, after the canals have been opened, broaches or 
wires should be placed in them and a second radiogram taken to deter- 
mine whether they have all been opened to the apex. One or more 
of the roots may be curved and the wires may not have gone to the 
end as in Fig. 511. If this is the case, another effort should be made by 


Fig. 511 Fie. 512 


curving the end of the broach so as to follow the curve of the canal 
(Fig. 512) and working until the end of a fine broach just passes through 
the foramen and another radiogram taken. If this shows that the 
canal is thoroughly opened, it is prepared for filling. The canal or 
canals should be enlarged sufficiently so that a fair-sized canal point 
may be used in filling, as, if the canals are very minute, it is practically 
impossible to fill them properly. 

After filling, another radiogram is taken to verify the work and if 
this shows that any canal is not perfectly filled, the filling is removed 
and the canal refilled and verified as before. This all takes time, but 
if every step of the work is carried out carefully and conscientiously, 
there will be no future trouble. 


THE CAUSE OF SOUND TEETH DISCOLORING AFTER PULP 
DEVITALIZATION. 


If the operation of devitalizing the pulp, and the after-care of the 
tooth have been properly done, there will be no discoloration, The 
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discoloration of a tooth from which the pulp has been removed is due, 
not to the fact that the pulp of the tooth has been devitalized, but to 
the improper treatment of the tooth after pulp devitalization. 

Quoting from his own experience, the writer does not recall a single 
case in which a tooth has become discolored after removing the pulp, 
but he has seen and treated many such cases, and has invariably found 
unmistakable evidence of the manner in which this condition was 
brought about. 

In any of the anterior teeth the tooth is opened from the lingual or 
palatal side, or through a cavity, perhaps, on the mesial or distal side, 
drilling in the direction of the apex. The pulp is removed through this 
opening and the canal cleansed and filled. Usually it will be found 
that this part of the work has been well done, but the operator has not 
gone far enough in his work to prevent the trouble. As will be seen in 
the illustration (Fig. 513), the horn of the pulp extends far up into 
the crown of the tooth, while the opening has been made far below it. 
The result is that this extension of the pulp remains in the tooth after 
the canal and cavity have been filled, as in Fig. 513, where it decom- 
poses, and in time the tooth structure becomes infiltrated with this 
putrescent matter, causing the discoloration. 

The writer does not remember, and has no record of ever having 
opened up a discolored tooth where he has not found the conditions 
as described above. 


Fig. 513 Fic. 514 


After the canal has been opened, the pulp chamber should be 
enlarged sufficiently near to the incisal edge of the tooth to permit the 
removal of every particle of pulp tissue. This can be done with a rose 
bur in the right-angle handpiece, working from the lingual side, and 
opening it up enough so that the extreme apex of the pulp chamber » 
can be reached (Fig. 514). After the pulp has been enitrely removed, 
the cavity is thoroughly sterilized and filled with cement of any suitable 
color. 

Although, if the work of devitalizing the pulp and filling the tooth be 
properly done, there will be no discoloration of the crown, there will 
always be a slight difference in the opacity, owing to the removal of 
dentin and the placing of the cement lining, which may render it slightly 
noticeable in certain lights, or when viewed from certain angles. This 
will be especially true if the tooth so treated is standing next to its 
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mate, as would be the case if the pulp of one of the central incisors was 
devitalized. With the cuspid, there are so many teeth between it and 
the corresponding tooth on the opposite side of the mouth, that even 
a marked difference in color would not be in the least conspicuous. 
The following may be set down as a rule which should invariably be 
observed : 

Where there is a choice of teeth, in one of which the pulp is to be 
devitalized to serve as an abutment for a bridge, always devitalize the 
pulp of the tooth which stands farthest away from its mate. 

In the case of a lost lateral incisor, the cuspid and central incisor 
being in equally good condition, the cuspid should be used as the abut- 
ment, but if the central incisor is badly decayed or broken, then of 
course it will be policy to utilize it. 


PULP DEVITALIZATION. 


When about to devitalize the pulp of a tooth, there are several ques- 
tions to be considered. The first of these is, in which of the methods 
_ that may be employed is there the least danger of irritation or injury 

to the retentive structures of the tooth? Second, in what way may the 
operation be done with the least pain to the patient? Third, how can 
it be most quickly and easily accomplished ? 

There are several methods and agents employed for the devitaliza- 
tion of the pulp, almost any one of which may be indicated under cer- 

tain conditions. Among the agents employed for this purpose, arsenic 
was one of the earliest and also the one most generally used but has 
been gradually abandoned for other methods, although there are still 
some dentists who employ it. It is the one too which requires the 
greatest care in its use; is dangerous in unskilled hands, and is uncertain 
in its results both as regards pain to the patient and effectiveness. 
When its use has been decided upon, the method advised by Dr. James 
Truman will be effective, and it will seldom be attended by pain if 
his directions are carefully followed. A very small quantity of arsen- 
lous acid is mixed with iodoform, using oil of cloves as a vehicle and 
applying it to the exposed pulp on a small pellet of cotton. This is 
covered with a small cap of tin or aluminum, to prevent pressure on 
the pulp, and the cavity is sealed with gutta-percha or cement. 

If the arsenic is applied directly to the pulp, it should be left in for a 
few hours only. HH on opening the tooth again, it is found that it has 
not taken effect, another application may be made and this may be 
repeated if it is found necessary to do so. The action of the arsenic 
should not be permitted to extend all the way to the apex, but should 
be watched carefully and the pulp removed while there is still some life 
at its apical extremity. If there is no exposure, it is safer to make the 
application only a little below the enamel, or in the bottom of an exist- 
ing cavity, just sufficiently deep to allow its being properly sealed in, 
rather than to make an exposure, The arsenic will act upon the dentin 
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to densensitize it, so that in a few hours it will be sufficiently obtunded 
to enable the operator to expose the pulp without pain to the patient, 
after which, if he so desires, he can anesthetize and remove the pulp by 
any method which he may see fit to employ. 

It should always be borne in mind that arsenic or an anesthetic will 
not act at all, or will act very slowly, upon an inflamed or congested 
pulp. If the pulp is in this condition, a dressing of oil of cloves or 
eugenol and sulphate of morphia is one of the best applications for 
relieving the pain and reducing the inflammation. A pellet of cotton — 
is saturated with the oil of cloves or eugenol and from one-fortieth to 
one-thirtieth of a grain of the morphia is added to it. This is placed 
in the cavity in contact with the pulp and allowed to remain until the 
pulp is quiescent, which will usually be in from twenty-four to forty- 
eight hours, after which the arsenic or the anesthetic may be applied. 

It is good practice to avoid the use of arsenic if possible, as there 
is always a chance of disturbances following its use such as arsenical 
pericementitis or even necrosis. The former of these may not manifest 
itself immediately, but sooner or later it is liable to appear either in 
a mild or severe form. If the arsenic is not sealed in perfectly, espe- 
cially if the cavity extends below the gingival margin, necrosis is likely 
to ensue, which in some cases might have far-reaching effects. Some 
patients are peculiarly susceptible to this poison; and in the mouths 
of such, arsenic applied for a few hours only would be sufficient to devi- 
talize the pulp completely, while in others it might remain for days or 
even weeks with seemingly little effect. In the former case, if it were 
left in the tooth for any great length of time, the chances are that its 
action would not be limited to the pulp itself, but would extend through 
the foramen and beyond the apex and involve the surrounding tissue. 
Especially would this be true if the foramen were somewhat enlarged. 
The danger would be greater when using it on a young, than on an 
elderly patient, as the root may not be fully developed, and the foramen 
may be widely patulous, in which case carbolic acid, creosote or some 
such agent is indicated. Cases also occur in which there is an imperfec- 
tion in the walls of the root canals. A condition of this kind is fortu- 
nately very rare as it is one which it is impossible to foresee and guard 
against, and if arsenic is used, disturbances which may result in serious 
injury to the patient are unavoidable. It sometimes happens that the 
pulp will resist the arsenic and repeated applications will have no effect, 
in which event, some other agent must be employed. 

Pressure Anesthesia as Used in the Removal of the Pulp.— With 
the introduction of pressure anesthesia the work of devitalizing and 
removing pulps has been very much simplified. 

A number of instruments have been devised for anesthetizing the 
pulp through the crown of the tooth. These are in the form of power- 
ful syringes, by means of which great pressure can be obtained. 

An opening is made through the enamel to the dentin with a small 
bur, corresponding in size to the point of the syringe, which is then 
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placed in this opening, and pressure applied to force the anesthetic 
into the tooth structure. If the point fits the hole accurately, in a 
majority of cases a satisfactory anesthesia will be obtained. Many 
times, however, the syringe point does not accurately fit the hole 
through the enamel, the anesthetic escapes around it instead of being 
forced into the dentin, and in consequence the application is ineffective. 

Another, and in fact the original method, is to place the anesthetiz- 
ing solution into a carious cavity, or an opening made for the purpose, 
and over this a piece of unvulcanized rubber is placed. This is pressed 
into the cavity with a strong instrument, forcing a sufficient quantity 
of the solution into the dentin to produce a satisfactory anesthesia. 
This latter method is the one preferred by the writer. If the proper 
technic is carefully followed, positive and satisfactory results may be 
confidently expected. 

One, and perhaps the principal cause of failure in applying the pres- 


sure in this manner, is that the operator uses for carrying the solution 


a piece of cotton entirely too large for the purpose. The cotton is 
dipped into the anesthetic solution, placed in the cavity and the pres- 
sure applied. If the mass of cotton is too large to be covered by the 
rubber, some fibers are left projecting from the sides of the cavity; 
when the pressure is applied, these give vent to the solution, so that 
instead of its being forced into the tooth structure, it escapes by fol- 


lowing the cotton fibers extending over the edge of the cavity. 


It must be remembered that, in applying pressure anesthesia in any 
manner whatsoever, the pressure must be direct and positive, without 
any leakage, in order to force the solution into the dentin or into the 
pulp. 

Sterile Field for Operation.— Before applying pressure anesthesia the 
greatest care must be used to insure a sterile field for the operation. 
If there is a gangrenous or septic condition of the body or any part of 
the pulp, this must first be corrected and the parts made as thoroughly 
aseptic as possible. If this is not done, septic gases or matter may be 
forced through the apical foramen and cause serious trouble. 

In order to devitalize a perfectly sound tooth, an opening should 
be made directly in line with the axis of the tooth so as to gain direct 
and free access to the pulp. The first step is to grind through the 
enamel. ‘This is best done with a small stump carborundum point, or 
a diamond disk or drill. The engine should be run rapidly and the 
tooth kept flooded with ice-water, which prevents heating, and also 
acts as a slight obtundent. By using ice-water freely, the enamel 
can be quickly pierced, sometimes even continued until the pulp is 
exposed, with but little or no pain at all to the patient. In the ante- 
rior teeth this opening is made on the palatal or lingual side, while in 
the bicuspids and molars it is made directly through the center of the 
tooth. (Fig. 515.) 

The rubber dam is applied as soon as the enamel has been penetrated. 
If from any cause this cannot be done, napkins or cotton rolls may be 
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substituted to keep the secretions of the mouth from encroaching upon 
the field of operation. : 

The instruments needed should be ready at hand, convenient for 
instant use. These should include broaches for removing the pulp 
from the canals, a large spear-pointed drill, large coarse rose burs, a 
large cross-cut fissure bur, and one or two sharp spoon excavators, 
which may be used to remove the body of the pulp. 

A large spear-pointed drill is the best instrument for drilling through 
the dentin (Fig. 516). It should not be used for drilling through the 
enamel, as the latter is so hard that it quickly dulls the point, with the 
result that it not only takes more time, but the increased pressure 
necessary to make it cut, heats the tooth, and renders the operation 
much more painful than it would be otherwise. . 


Fie... 515 Fig. 516 Fie. 517 Fre bs 


It is very rarely these instruments are well made as they come from 
the dental depots. They are generally too thick and at the cutting 
edges are not backed off sufficiently to cut well. They can be greatly 
improved by first grinding them very thin and then backing them off 
so as to leave a good sharp-cutting edge which will cut deeply and 
cleanly into the dentin and clear itself readily. (Fig. 517.) H the 
edges are thick and straight across and have not this clearance (Fig. 
518), the drill will drag and heat, causing pain and rendering the opera- 
tion more lengthy and difficult. 

The enamel having been pierced, the rubber dam is applied, the 
tooth thoroughly dried, and the point of the drill placed on the dentin 
pointing in direct line with the axis of the tooth’s root, with the engine 
running at high speed. As soon as the patient experiences pain, it is 
time to begin the use of pressure anesthesia. 

There are a number of different preparations used in the devitaliza- 
tion or the anesthetizing of the pulp. Novocain seems to be a favorite 
agent with many dentists. The writer, however, has had excellent 
results from using the pure crystals of cocain in conjunction with some 
fluid as a vehicle, usually favoring a local anesthetic solution. 

The local anesthetic, which seems to work best, and in fact, has 
been found by the writer superior either for extracting or wherever 
a local anesthetic is indicated, is as follows: 
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BeMrCaT OG ee go oe ees et tee Mee toa 1. ory 
Cocain hydrochloride . eee eee eB: AYO ee eee 2 ret) gt, 
Bacopimasmipnnte. 9. :. nL at ey per cent solution 10 min. 
ereOnrCorinetiey psi) cc ee. Oa per cent solution 10 min. 
Peorenalmeenionide.. 7. "13.0. 4k. gol. (1 to 1000) 10 min. 
Distilled water . : Pe eee 2 OZ. 


After using and recommending it for many years, the writer has 
neither seen nor heard of any ill results following its use. It is, how- 
ever, wise to use this and all allied preparations with caution, using 
no more than is absolutely needed. 

In making the application, only a very minute piece of cotton should 
be used. A piece no larger than one-quarter the size of a pin-head is 
ample for the largest tooth. This is dipped in the anesthetic solution 
and then a slight excess of the cocain, which has previously been 
finely powdered on a glass slab, is taken up on the cotton and placed at 
the bottom of the cavity. 

A piece of soft, unvulcanized rubber is then placed over it and 
pressure brought to bear with an instrument which nearly fills the 
opening. It must be remembered that in order to obtain perfect 
results there must be a positive pressure, and if the instrument be 
too large or too small it will not do the work as well. If a positive 
pressure is obtained, it is not necessary to keep it up longer than from 
twenty to thirty seconds. The vulcanite and the pellet of cotton are 
then removed, the opening dried, and the spear-pointed drill is once 
more used. 

If the tooth becomes sensitive again before the pulp is exposed, the 
operation is repeated. It will be found, however, that, as a general 
rule, with one or two applications of the anesthetic in a healthy tooth, 
the exposure can be obtained without pain to the patient. After the 
exposure has been made, the final application should be made directly 
on the pulp, the pressure being kept up for about thirty seconds, when 
it will be found that the pulp has been completely anesthetized and 
the pulp chamber can be opened and the pulp removed. 

It should be remembered that in using the anesthetic with pressure, 
the pulp is not devitalized, but simply anesthetized, and if the opera- 
tion of removing the pulp is long continued, sensation may return. In 
multi-rooted teeth, when the canals are very minute and difficulty is 
experienced in opening into them, sensation may return to the pulp in 
one or two of the canals while the pulp is being removed from the others. 
This necessitates a second application. 

If the tooth has been broken down by decay and a cavity exists 
through which the pulp is accessible, this cavity may be utilized. 
The disintegrated tissue, however, must first be thoroughly removed, 
for its presence will hinder the action of the drug. The anesthetizing 


~ solution on a small pellet of cotton is then placed in the cavity, and 


pressure applied as before described. 
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POSITION OF THE PULP CANALS. 


Before undertaking to remove the pulps from devitalized teeth, the 
operator should have an accurate knowledge of the anatomy of the 
teeth. He should know the number of roots which each tooth should 
possess, and where to look for entrance to the canals on the floor of 
the pulp chamber of a normal tooth, and should also be able to form 
some idea of their approximate size. 

Some of the canals are frequently very minute and difficult to locate, | 
and a knowledge of their normal position is helpful in finding them. : 

All operations are more quickly and thoroughly done if the operator 
works systematically, and by some well-considered rule. This applies 
with much force to the operation of locating and opening the pulp 
canals. 

Opening into the Pulp Chambers of Molar Teeth.—In enlarging the 
entrance to the pulp chamber do not fear to make a large opening. 
- Tt is impossible to get into the different 
canals in the molars, and cleanse them as 
they should be cleansed, through a minute 
opening in the crown of the tooth. A large 
opening should be made through the crown, 
and the pulp chamber opened to its full size 
so that the entrance to every canal is easily 
accessible. It does not weaken the tooth to 
do this. As a chain is only as strong as at its 

weakest point, so with a tooth, and this point 
Fie. 519 Fic. 520. is where the pulp chamber approaches the 
sides of the tooth (Fig. 519). 

After drilling into the pulp chamber, the enamel at the entrance to 
the cavity should be removed with a cross-cut fissure bur, but the use 
of this bur should not extend to the pulp chamber. The best instru- 
ment to enlarge this, is a large rose bur, passing it through the opening 
and under the ledge, or as it might be termed, the roof of the pulp 
chamber, and pulling the bur toward the occlusal surface (Fig. 520). 

This should be continued until the explorer shows that the sides 
of the cavity are flush with the sides of the pulp chamber and the 
explorer slides smoothly into it. 

A fissure bur, an inverted cone, or any square-ended instrument 
should not be used in doing this work, as they are sure to strike the 
sides of the pulp chamber, leaving ledges or grooves on which the 
broaches will catch, and render the locating of the canals much more 
difficult; whereas, by using round burs only, the floor of the pulp 
chamber is not marred, and there will be no roughness to interfere with 
the instrument, which will then much more readily find the openings 
to the different canals. 

Locating the Pulp Canals of the Upper Molars.—As a rule, it is more 
convenient to first locate the palatal canal in the upper molars. ‘This 
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canal is much larger, and occupies a position which renders it more 
easy of access than are the others, and it is rarely that there is any 
trouble in locating it at once and removing the pulp. 

The writer has found that the best instruments for locating the 
canals are the short, knob-handled broaches of the Kerr or Downey 
type (Fig. 521). These instruments are made of triangular steel wire, 
twisted, and brought to a fine point. They are much stronger and are 
less liable to be broken than are the barbed broaches. Then, too, 
being shorter, without barbs, and with just the right degree of stiffness, 
they admit of a far more delicate sense of touch than does a long and 
very flexible instrument. 
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Fig. 522.—Kerr canal files. 


When using these broaches, if conditions permit, the rubber dam 
should always be in place, but if this is not possible, the mouth should 
be protected with napkins or cotton rolls, so as to keep the parts dry, 
and also, if the broach should slip from the fingers, to prevent its drop- 
ping into the throat. 

The palatal canal having been located, the next one to look for is 
the anterior buccal. To reach this, the handle of the broach is passed 
distally and palatally, reaching the point of the instrument far forward 
toward the mesio-buccal corner of the tooth, and if the pulp chamber 
has been carefully opened, there will be very little difficulty in finding 
this canal. It sometimes happens that the entrance to this canal is 
located so far mesially that it will be necessary to cut almost through 
the mesio-buccal corner of the tooth in order to get free access to it. 

There still remains the distal canal to be accounted for. If, when, the 
instrument is in the anterior buccal canal, it is slowly withdrawn, 
sliding the point lingually through the groove in the floor of the pulp 
chamber, as a rule the point will find the entrance to this canal with 
but very little’ difficulty. These canals are often very minute and 
extremely difficult to open. For this the Kerr, or Downey, broaches 
are used, beginning with the small ones, and working very carefully; | 
using little or no force to push them into the canals, but allowing them 
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to work their way easily as the broach is rotated. The sodium and 
potassium preparation may be used to advantage in such cases, work- 
ing it in with a broach. Sodium dioxide is also used for this purpose, 
and will at times prove quite effective. Again, a 50 per cent solution 
of sulphuric acid may be of assistance. A little of it, indeed, may be 
sealed into the root and allowed to remain until a subsequent sitting, 
when it frequently will have so softened the contents of the canal that 
the broach will readily find its way to the end. 

Fig. 523 will give a fair idea as to the position in which these canals 
are generally found, the large palatal canal ¢ being about in the center 
of the palatal root and the anterior buccal canal a being found very 
close to the anterior buccal corner. The distal canal b will be found 
nearly on a line between the anterior buccal and the palatal canal, or 
slightly distally to it, but very rarely at right angles with the other 
canals. Occasionally, the two buccal canals have a common opening 
into the pulp chamber (Fig. 524), and in such cases, the entrance to 
the separate canals will be found just a little below the pulp chamber 
floor. 
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Occasionally, but very rarely, an upper first or second molar will 
have but a single root. When this is the case, the canal will be very 
large, the pulp chamber sloping from all sides toward the center of the 
tooth, and the canal tapering to the apex. (Fig. 525.) 

Again we may find one of these teeth which has two roots. When 
this is the case the buccal canal is usually as large or even larger than 
the palatal canal. If, on opening the tooth, the instrument drops read- 
ily into the buccal canal, midway between the mesial and distal sides 
of the tooth, and if it is very much enlarged throughout its entire 
length, it is a fairly certain indication that there are no more than two 
canals in the tooth. If, on the contrary, this canal is very much con- 
stricted, it indicates the existence of another canal. 

Where the molar has four roots, the two palatal canals will generally 
be larger than the two buccal, and one will be almost directly behind 
the other following the line of the arch (Fig. 526, a and b), although 
neither of them will be as large as where there is but a single palatal 
root. The two buccal canals will be about in normal position. (Fig. 
526, ¢ and d.) 

Locating the Pulp Canals of the First and Second Lower Molars.— 
Normally, the lower molars have but two roots; almost invariably, 
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however, there are three distinct canals which must be cared for, 
one in the distal and two in the mesial roots. While in reality there 
is but a single canal in this root, it is so constricted between the buccal 
and lingual openings that this part of the canal is almost obliterated, . 
the space between the walls of the canal at this point being so slight 
that there is practically no pulp tissue between them. (Fig. 527.) 

The distal canal ¢ being the one most easily accessible, is naturally 
the one first looked for. The canal being much larger than those in 
the anterior root, and the position being favorable, it is readily located 
and the pulp easily removed. 

The canal next sought for is generally determined by the inclination 
of the tooth, if this be excessively to the lingual, it would naturally be 
the lingual canal (Fig. 527, b), as this position of the tooth renders 
it more easy to reach. In locating the canals in this root, the rule in 
regard to the order in which they are opened is not followed as closely 
as it is in locating the buccal canals in the upper molar. At times, the 
buccal canal (Fig. 527, a) is more quickly and easily located than the 
lingual. 

Very frequently the distal slope of these roots is such that it will 
be necessary to cut the mesial wall of the tooth almost to the gum line 
in order that the instrument may follow the 
line of either the mesial or distal canals. 
(Fig. 528.) The buccal canal of the mesial 
root is the principal offender in this respect, 
and it is sometimes necessary to cut the 
mesio-buccal corner of the tooth entirely 
away before an entrance into the canal can 
be effected. 

The mesial canals are frequently so con- 
stricted and tortuous as to render it extremely 
difficult to open them all the way to the apex. 
At times it is necessary to spend hours, or 
even days, to get these canals properly opened 
and enlarged, but one of them, at least, must be opened all the way to 
the end of the root. 

These canals sometimes diverge bucally and lingually as they leave 
the pulp chamber, and converge as they approach the apex, having a 
common foramen (Fig. 529). | 

If it is practically impossible to entirely open but one of these canals, 
and the other has been opened to within a very short distance of the 
apex, the little pulp tissue remaining in this small space between the 
filling that is to be placed in the canal which has been opened to the 
end of the root, and the filling which will be placed as far down in 
the other canal as it can be placed (Fig. 529, a and b), will hardly do 
any harm. 

The canals, of course, must be perfectly sterilized, particular atten- 
tion being paid to the one which has not been opened entirely to the 
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apex. The canal from which the pulp has all been removed is filled 
very carefully, making certain that it is filled all the way to the end. 
The remaining canal, which has not been fully opened, is saturated 
with a solution of zinc chloride, after which it is filled as far as possible, 
so that only a little thread of coagulated pulp tissue is left in the root. 
This is entirely cut off and isolated so that the danger of subsequent 
trouble is very remote. If the operator desires, this canal can be filled 
with some mummifying paste, but it is only in cases of this kind that 
such a filling is indicated. 

Occasionally these teeth, as in the case of the upper first and second 
molars, may possess a greater or less number of roots than normal, 
and there may be but a single root or there may be several. There is 
rarely any trouble in opening the pulp canal of a single-rooted lower 
first or second molar all the way to the end of the root. As in the case 
of an upper molar, the pulp is always very large and peg-shaped, so 
that it is easily removed. } 

The third molars are especially lacking in uniformity as to the 
number of their roots; they may have but a single root or there may 
be many. These roots frequently converge and may be fused together, 
forming one large peg-shaped root in which there may be several 
canals. These canals are frequently so small and tortuous as to render 
it impossible to open all of them their entire length. In such cases, 
the operator must be satisfied with something less than the ideal, so 
far as filling them to the end is concerned, but should make every 
effort to insure that they are at least perfectly sterile. 

It is this uncertainty in regard to their condition which sometimes 
renders them unserviceable as abutments for bridgework. In such 
teeth it would be impossible to give any fixed rule as to opening of the 
canals and removing the pulp, except that the pulp chamber should 
be fully opened so as to give free access to all the canals which it is 
possible to find. ; 

Locating and Opening up the Pulp Canals of the Upper Bicuspids. — 
The upper first bicuspid, is a double-rooted tooth with the canals 
opening on the buccal and lingual side. The canals of these roots 
are sometimes quite constricted, and require considerable time to 
open them all the way to the end. With a little perseverance and the 
use of the sodium and potassium, or sulphuric acid, this can, however, 
generally be accomplished. 

Occasionally the root has a very sharp curve near the apex. Indeed, 
it is at times bent almost, if not quite, to a right angle with the rest 
of the root. In such cases it may be impossible to remove all of the 
pulp tissue. As much as possible is taken away with the broaches, 
using the sodium and potassium, or the sodium dioxide, and then trust 
must be placed in antiseptic treatment to prevent future trouble. There 
are times when it may be advisable to amputate these curved root . 
ends before using the teeth as abutments. 

The upper second bicuspids sometimes show exactly the same con- 
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ditions as are to be found in the mesial root of the lower molars, 
namely, a single root, but practically two canals, which should be 
treated in a similar manner to those of the lower molars. These canals 
may be entirely separate and present all the appearance of a first 
bicuspid, but if they are opened all the way to the end, it will be found 
that they unite at the apex in one common foramen, and if one of the 
canals be filled, the filling will be forced a little distance up into the 
other canal. — 

A two-rooted second bicuspid occasionally is found, but this is rare 
and need not be especially considered, as the treatment would be the 
same as for the first bicuspid. 

Locating and Opening up the Pulp Canals of the Lower Bicuspids and 
Anterior Teeth.—The lower bicuspids have but a single root, and the 
pulp is-approached directly through the center of the cusp. 

All of the six anterior teeth, both upper and lower, are opened from 
the lingual side, as near the center as possible, and it is very rarely 
that any trouble will be encountered in removing the pulp and thor- 
oughly sterilizing the canals. 

The mesial roots of the lower molars are frequently very difficult to 
open. While there is but one root, in nearly every case there are prac- 
tically two very constricted canals (Fig. 527), a buccal and a lingual, 
which diverge or run parallel as they open from the pulp chamber, 
but frequently unite at or near the apex, making exit by a single fora- 
men. (Fig. 529.) It is sometimes impossible to open both of these to 
their full length, but every effort should be made to get at least one of 
them clear all the way to the end of the root. For if one of the canals 
is opened to the apex and the foramen perfectly closed, the pulp which 
remains in the other canal is entirely cut off, as in Fig. 529, a and b, 
and the danger of subsequent trouble from it is very remote. 

After one canal is filled, the remaining canal is saturated with chloride 
of zinc and filled as far as possible, so that only a little thread of coagu- 
lated pulp tissue is left in the root. 

The buccal canals of the upper molars also, are frequently so small 
that it is very hard to open into them for any distance. The twisted 
three-sided broaches of the Kerr type or canal files (Figs. 521 and 
022), are excellent for enlarging these constricted canals. 

A drop of sulphuric acid will very often materially assist 
the operator in opening them. An 

Occasionally the tooth may possess more or less roots 
than the normal number. In every case the pulp cham- 
ber should be well opened and the floor and sides should 
becarefully examined with a fine explorer forthe aperture —s Fig. 530 
of the canals. It is a mistake to undertake to remove 2 
the pulp with only a small opening in the crown of the tooth, especially 
if it is to be crowned. It does not weaken it to open it to the full size 
of the pulp chamber, as the crown of the tooth is only as strong as that 
part which has the least sectional area and this is at or near the floor of 
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the pulp chamber (Fig. 530, A), consequently the opening may be made 
to the full size of the floor of the pulp chamber without weakening the ~ 
tooth in the least. 

The third molars are especially lacking in uniformity as to the num- 
ber of their roots, and the canals are frequently so small and tortuous 
as to render it impossible to open them more than a short distance. In 
such cases the operator must be satisfied with something less than the 
‘deal results which he would desire so far as filling them to the end is 
concerned, but he should always be assured that they are at least per- 
fectly sterile. 


FILLING OF ROOT CANALS. 


Satisfactory and permanent results in the filling of pulp canals is not 
so much a matter of the materials employed as it is the manner in 
which these latter are inserted. Of course, some of the materials in use 
are better than others, and it is probable that gutta-percha and oxy- 
chloride of zinc are more extensively used than any others. , 

The writer believes that gutta-percha points make the best root 
filling of anything that can be used. 

An excellent method of filling with gutta-percha is as follows: Asa 
preliminary measure to the operation, it is understood that the rubber 
dam is to be applied to the tooth if this is possible, and if not, napkins 
or cotton rolls are to be used to keep the field of operation dry. After 
the canal has been thoroughly cleansed and dried, a gutta-percha point 
is selected of a size corresponding to that of the canal to be filled, the 
point having been previously sterilized in a bichloride of mercury solu- 
tion and fastened to the end of a canal plugger by heating the point of 
this instrument. A little oil of eucalyptus is introduced into the canal 
from the points of a pair of pliers or with a wisp of cotton twisted 
around a broach. The gutta-percha point is now dipped into oil of . 
eucalyptus and then the tip of it into iodoform or aristol, after which 
it is placed in the canal and worked into it with a pumping motion, car- 
rying it farther up as the oil softens the surface of the gutta-percha, 
until it becomes loosened from the plugger and is packed tightly into 
the root. In this way the canal can be more thoroughly filled all the 
way to the apex than by any other method. It does no harm if the 
patient winces a little during the operation, as that is a pretty good 
indication that the end of the root has been reached. Chloroform may 
be used in place of the eucalyptus, but the oil is preferable as it is of a 
_ healing, soothing nature, besides possessing antiseptic properties which 
persist in the canal for many years. 

Where it is intended to enlarge the canal in order to insert a post 
as an attachment for a crown, the canal may be enlarged at once, with 
a reamer, to the desired size and depth, enlarging it to within about 
1 inch, or a little less, from the apex, before filling. 

A very short gutta-percha point is then used, dipping it in eucalyptus 
and aristol, and just filling the apex, packing it tightly against the. 
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shoulder left by the reamer. (Fig. 531.) The canal is then wiped dry 
and the gutta-percha covered lightly with oxychloride of zinc. 

Filling Pulp Canals with Enlarged Foramina.—Where the apical 
foramen is very much enlarged, as it will be in the case of an unde- 
veloped tooth, gutta-percha is the only suitable material for filling, 
and care must be used so that no appreciable amount of the filling is 
forced beyond the apex. The exact length of the root is first ascer- 
tained by passing a hooked broach through the enlarged opening and 
marking the length with a small piece of rubber placed over the broach. 
(Fig. 532, b.) | 

It is always advisable to have at hand a series of different sizes of 
canal pluggers, from which one is selected which will pass into the 
canal only to within about + inch, or a little 
less, from the end. (Fig. 532, a.) This can Cup C 
_be determined by placing it alongside the 1 
hooked broach used for measuring its depth. 
A blunt gutta-percha point is now selected, 
slightly larger than the end of the canal plugger 
and a little shorter than the distance from the 
end of the plugger to the end of the canal. 
(Fig. 532, c.) This is attached to the end of 
the plugger, and is then dipped in eucalyptus 
and aristol and pressed firmly in place at the 
end of the root, the canal having been pre- 
viously dried. The plugger is then loosened fro. 531 Fie. 532 
by rotating, after which the canal is washed 
and dried with alcohol and the gutta-percha is covered over lightly 
with oxychloride of zinc. 

The diameter of the gutta-percha point having been somewhat 
greater than that of the canal to be filled and also slightly shorter, 
it packs very tightly in place as far as the plugger point will carry 
it, and at the same time the contraction of the canal elongates it a 
little, so that the apex is perfectly closed. Then too, the plugger being 
of large size, renders it impossible for the filling to be forced beyond 
the point desired and through the foramen where it might act as an 
irritant. 

A plugger of a smaller diameter than the apical foramen should 
never be used in filling these canals. An accident or a sudden move- 
ment of the patient might cause the filling to be forced through the 
end of the root, with no possibility of removing it. 

If the entire length of the canal is to be filled, the operation will 
be very similar to the one described. The size of the foramen is ascer- 
tained with a suitable plugger. The plugger used for filling should 
be just large enough so that it will pass into the opening of the canal 
from the floor of the pulp chamber, not much more than inch. 
The size and length of the gutta-percha point is determined from these 
two pluggers and the hooked broach, It is made of a slightly larger 
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diameter and a little shorter than the canal. ° After it has been dipped 
in the eucalyptus oil, it is packed tightly in place as far as the plugger 
point will carry it. The one-sixteenth of the canal remaining unfilled, 
is covered with oxychloride of zine. 

When chloropercha is used as a filler, a little iodoform or aristol is 
first put in the canal and the chloropercha pumped in with a broach, 
a fresh supply being added as the chloroform evaporates. When it is 
carried well into the canal a gutta-percha point may be forced into it, 
or fine wisps of cotton may be packed in with a small plugger, until 
the canal is filled. It is questionable if this will make as perfect a 
filling as the gutta-percha point, especially in the upper teeth. 

The objection to oxychloride of zinc as a root filling is the irritating 
nature of the zinc chloride and the difficulty of limiting its action. Ifa 
little of it is carried beyond the apex, it will cause considerable pain 
and discomfort to the patient, and may sometime result seriously. 
Another objection to using oxychloride alone, especially in any of the 
teeth anterior to the molars, is the difficulty of opening up the canals 
at some future time for the reception of a pin, should it become neces- 
sary to place a bridge or crown the roots. This difficulty, however, 
may be overcome; after the canal has been pumped full of liquid 
cement, a gutta-percha point is inserted and forced to the end of the 
root. 


PERFORATED ROOTS. 


This is a difficulty which is frequently encountered, and the treat- 
ment of it is often very puzzling to the dentist. Where the perfora- 
tion is at the apex, it may be treated and the root filled in the same way 
as a root with an enlarged foramen. If there has been much inflam- 
mation, a dry dressing of tricresol and formalin or of one of the essential - 
oils and iodoform or aristol may be kept in the canal until the soreness 
has passed away, when the root may be filled in the manner already 
described. Where the perforation is of long standing, the root will 
probably be abscessed and the treatment of the case would come under 
the head of alveolar abscess. 

Where the perforation is at the side of the root, it is quite likely that 
the soft tissues have grown into the cavity. This intruding tissue may 
be removed by excision, or it may be cauterized with trichloracetic 
acid, carbolic acid or iodine. Where the size of the growth is not great, 
the opening may be cleared by packing the pulp cavity tightly with 
dry absorbent cotton. This will expand as it becomes moist and force 
the gum tissues out. The sides of the opening should now be grooved 
or roughened so as to hold the filling in place, and the cavity is then 
- wiped out with adrenalin chloride. If the perforation is not far below 
the gum margin, it often happens that a small flat-ended instrument 
may be passed under the gum and up the side of the root so as to cover 
the opening. If this be possible, the instrument is held in place against 
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the root, the cavity dried thoroughly, and the filling packed tightly 
against the instrument. 

Where the perforation is so far beyond the gum line that it is not 
possible to cover it, a little base-plate or high-heat gutta-percha is 
pressed into it and then removed. (Fig. 533.) This will show the 
exact size and shape of the perforation. If gutta-percha is to be used 
to stop it, the trial plug is trimmed so that it will come not quite to 
the outer wall of the root, leaving a slight excess on the inside. Adren- 
alin chloride will prevent blood or moisture from oozing into the cavity, 
which should be dried with alcohol and then wiped out with oil of 
eucalyptus or any other essential oil. The plug, which has previously 
been lightly fastened to the end of an instrument, is then placed in the 
opening and packed flush with the canal wall. 
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Copper amalgam is one of the best filling materials for cases of this 
kind. In the one just described, the trial plug will show the amount 
which it will be necessary to use and the amalgam is packed into the 
opening, care being used not to force it beyond the outer wall of the 
root. 

Where there is a large perforation in the floor of the pulp chamber, it 
is better first to cover it with a piece of thin, soft platinum (Fig. 534), 
and then to cover the floor of the pulp chamber with copper amalgam, 
keeping the entrance to the canals free by placing wires in them which 
have been oiled or wiped with vaseline or cocoa butter and after the 
amalgam has hardened, the wires are removed. (Fig. 535.) 


FRACTURED ROOTS. 


This is a troublesome condition of somewhat frequent occurrence, 
and it is often difficult to decide whether a root which has been split can 
be saved or will have to be extracted. The fracture of a root is often 
brought about by crowning without banding it and is most frequently 

either that of an incisor or a bicuspid. In the majority of cases where 
there is a bad fracture, it will be necessary to remove the root but 
sometimes it can be made to do good service for a number of years 
even if it has been split all the way to the apex. ‘Where the root has 
been newly fractured and the gum tissue has not had time to crowd its 
way between the broken parts, they should first be drawn close together 
by placing a strong wire of 30 or 32 gauge over the stump and twisting 
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it tightly in the same way as in taking the measurement for a band. 
(Figs. 536 and 537.) It should be forced up on the root as far as pos- 
sible and if necessary, the gum can be slit on the labial side to allow its 
being carried to a sufficient distance under the gum. The root can 
then be prepared, a tightly fitting band made, and the crown con- 
structed and cemented to the root. After the cement has thoroughly 
hardened, the wire ligature is to be cut away, and if the band has been 
properly fitted, the tooth should last for many years. 


Fic. 536 Fig. 537 


In many cases where there is only a minor fracture, the part which is 
broken away may be removed and the band carried beyond the line of 
fracture. 

PATHOLOGICAL RELATIONS. 


The success of crowns and bridgework depends primarily upon the 
healthy condition of the teeth and roots which are to be utilized as 
supports, and pathological conditions and their treatment are of the 
greatest importance to one who is doing this work. 

Every factor which has any bearing on the success or failure of this 
work must be carefully considered and nothing left to chance. If the 
teeth are loose or otherwise diseased, they should be carefully studied 
in order to determine whether through treatment, they can be brought 
to a healthy condition. 

If this is impossible, then of course bridgework is not to be thought 
of, unless other teeth or roots which can serve in their place are avail- 
able. 

If a tooth is loose, it should be studied in order to determine the 
cause of the looseness and if the cause is removed, the tooth may 
return to a normal condition. 

The most prolific cause of loosening of the teeth is malocclusion. It 
will be found that with every movement of the jaws, the tooth is forced 
out of position. By using articulating paper and grinding freely until 
the mandible can be moved in an direction without moving the tooth 
from its position, it may return to normal without further treatment 
unless there has been much destruction of the surrounding tissue. 

Lack of occlusion is equally destructive. A tooth which has no 
antagonist and has nothing to do, will elongate and loosen and event- 
ually be thrown out of the mouth, but restore the occlusion and give 
the tooth a proper amount of work to do, it will become firm and healthy 
and do its work satisfactorily. 
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Pyorrhea alveolaris, chronic nephritis and other systemic diseases 
may be responsible for loosening of the teeth, but these cases should 
be referred to a specialist and nothing in the way of bridgework should 
be undertaken, except on the advice of the specialist, or until a cure 
has been effected. 

Putrescent Pulp Canals.—In treating a putrescent pulp canal the 
first step is to cleanse it mechanically as thoroughly as possible. The 
greatest care must be exercised in doing this so as not to force any of 
the putrescent matter or gas through the apical foramen. The instru- 
ments best suited for this purpose are the Donaldson canal cleansers. 
These instruments are barbed in such a manner that the barbs follow 
around the shaft in the same manner as does the thread on a right- 
hand screw, so that by rotating, the instrument is drawn into the canal 
without the necessity of using the slightest force. 

The instrument is dipped in carbolic acid or other strong antiseptic, 
the point placed in the canal and the instrument turned slowly to: the 
right. As it is carried into the canal it is frequently withdrawn and 
cleansed of the matter adhering to it, until the vicious matter is entirely 
removed. By working in this manner there is no danger of carrying 
any of the putrescent mass through the end of the root. It is of the 
greatest importance that not the slightest force be used on the instru- 
ment. After the bulk of the softened mass is removed, the sides of 
the canal are scraped with the same instrument until it is fairly well 
cleansed. 

Sodium and potassium is then used, being carried into the canal 
with a fine instrument, burning out any of the disintegrated pulp 
tissue which remains in the root. This should be done thoroughly, 
and a little of the sodium and potassium left in the canal until a sub- 
sequent sitting. When the patient returns, the treatment with the 
sodium and potassium is repeated, after which the canal should be 
washed out with a solution of bichloride of mercury and peroxide of 
hydrogen. It is then thoroughly dried and filled. 

In the absence of the sodium and potassium, formalin may be used, 
but this should not be sealed in the root, unless the foramen is closed, 
or Is very minute, as it is an active irritant and may cause considerable 
pain and trouble. 

Sterilizing a Pulp Canal with Formalin.—In sterilizing a pulp canal 
with formalin, the following method will prove effective: After the 
root has been as thoroughly cleansed mechanically as is possible under 
the existing conditions, it is dried with alcohol and the canal wiped 
out with a strong solution of formalin, from 10 to 40 per cent of the 
full strength of the solution, using a wisp of cotton twisted around a 
broach as a carrier. It is then dried with hot air or a heated root- 
drier, thereby driving the fumes of the formalin into the tooth structure. 
This operation is repeated a number of times until it is certain that the 
root has been thoroughly sterilized, after which it may be filled. 

Where there has been a slight irritation in the apical region, it is a 
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good plan to enlarge the foramen very slightly before treating, and a 
dry dressing of tricresol and formalin may be sealed in the canal and 
left for a day or two, to be repeated if necessary. 

Where there has been an excessive and continued irritation, it is 
best to treat the case in a thorough manner, opening through the process 
to the apex, giving it the same treatment, indeed, as in the case of a 
dento-alveolar abscess, and then filling the root at once. 

When, on opening into a tooth, the pulp is dried up and in a mum- 
mified condition, the canal should be given the same treatment and 
care as though the pulp were putrescent. 

The same treatment should be employed in the case of cotton-filled 
roots, which are sometimes met with, without regard to the condition 
they may seem to be in, foul or sweet. In a majority of these cases 
the canals are in a putrid condition, and before being utilized they 
should be treated as advised for the canals of putrescent pulps. 


PULP INFECTION AND TREATMENT OF RESULTANT 
CONDITIONS. 


There are many causes which may bring about the death of the pulp 
and unless this condition is recognized very early and properly treated, 
trouble of a more or less serious nature is liable to follow. 

There are cases where the pulp has become devitalized and remained 
quiescent for a number of years, the patient being unaware that there 
is anything wrong with the tooth, but this is not of frequent occur- 
rence; more often the trouble becomes manifest within a comparatively 
short time. 

With the infection and decomposition of the pulp tissue, the danger 
begins. A minute portion of this putrescent matter, or a little of the 
gas generated by it, finding its way through the apical foramen, will 
set up an irritation and inflammation; infection follows, resulting in 
the formation of a dento-alveolar abscess. This condition formerly 
was too often lightly considered, and an abscessed tooth looked upon 
as of minor importance, when in reality it is a grave condition and 
may cause serious pathological disturbances, and not infrequently 
death has followed from septicemia caused by absorption of pus. 

Dento-alveolar Abscess.—This is one of the troubles with which 
the crown and bridge specialist is most frequently confronted. As a 
general thing, it is not difficult to effect a cure. 

In this as in every step in crown work and bridgework, thoroughness 
is necessary to success, and unless one is willing to give the time and 
attention necessary to effect a cure, it is far better not to attempt it. 

With the formation of pus around the apex of the root, there is a 
destruction of tissue extending in all directions, thus forming an 


irregular cavity or sac into which the apex of the root extends. (Fig. 
538.) 
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As the amount of pus increases, it will gradually force its way through 
the alveolar process and gum tissue, thus establishing a fistula. 

If there is a cavity in the tooth 
through which the pus, after passing 
through the canal, may be dis- 
charged into the mouth, there will 
be no external fistula; this is termed 
a blind abscess. 

The treatment of anabscess which 
has no outlet for the pus excepting 
that through the root of the tooth, 
should never be undertaken. It 
is practically impossible to force 
the remedies through the apical Fig. 538 
foramen into the ‘pocket or sac of 
the abscess, or to cleanse it thoroughly and remove the débris without 
having an external fistula. Treatment through the root may relieve 
the trouble temporarily, but it is liable to recur at any time. 

In the case of an acute dento-alveolar abscess, where there is a 
fistula established, a cure can generally be effected quickly and easily. 

For many years the writer has had almost uninterrupted success 
in the treatment of this trouble by using the following method: 

The canal is first cleansed as thoroughly as possible mechanically, 
using Donaldson’s canal cleansers, or instruments of that type, and 
scraping the sides of the canal thoroughly so as to remove every par- 
ticle of diseased tissue which can be reached. 

It should then be ascertained beyond doubt that there is an open 
fistula through which the remedies will readily flow, and this can be 
done by using distilled water or a mild antiseptic solution. 


qT) 
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Fia. 539.—Bulb syringe. 


Treatment of Acute Dento-alveolar Abscess.—In the treatment of 
acute dento-alveolar abscess, it is necessary that a suitable instru- 
ment for injecting the remedies be used. A rubber-bulb syringe, with 
platinum point, known as an abscess syringe, is most useful for this 
purpose. (Fig. 539.) The capacity of the bulb of this syringe is one- 
quarter of an ounce. 

In order to insure the remedy being forced through the canal and 
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out through the fistula, it is necessary to use a packing, preferably of 
rubber. This is very easily made by forcing the needle through a 
piece of heavy separating rubber of sufficient size to entirely cover the 
opening in the tooth or root, letting the end of the 
needle extend a little beyond this rubber packing, as 
in Fig. 540. 

The point is then introduced into the opening in the 
canal or tooth and the rubber pressed tightly over the 
opening and around the needle with a pair of cotton-pliers. This 
will effectually prevent the fluid from escaping at this point, and will 
insure its reaching the place where it is needed. 

The abscess cavity is first washed out with sterile water so as to 
ascertain that there is a free vent, and a saline solution is forced very 
slowly through the root and out of the fistula. 

The solution first used is followed by the standard solution of aro- 
matic sulphuric acid. This solution is used in its full strength as given 
in the United States Pharmacopoeia and contains about 10 per cent 
by bulk, or 20 per cent by weight, of sulphuric acid. 

The amount of the aromatic sulphuric acid used is from } to $ of a 
syringeful, or from # to $ ounce, or at times even more than this. 

The point of the syringe is inserted into the canal and the rubber 
packing pressed tightly against the tooth, as with the first solution, 
and the acid forced through very slowly. This helps to destroy any 
remaining diseased tissue and acts as a stimulant. The acid should 
be met, as it comes through the fistula, with a syringeful of a saturated 
solution of bicarbonate of soda, so as to counteract, or neutralize, the 
action of the acid before it comes in contact with the teeth and the 
soft tissues of the mouth. The bicarbonate of soda should be used 
freely, as much as 8 or 4 syringefuls during the injection of the acid, 
and afterward the mouth should be rinsed freely with the same. 

After the acid has been used, the root should be filled at once. If 
it is left open for any length of time, infection may recur, and it will 
be necessary to repeat the operation, as there is a serious risk of rein- 
fection as long as the root remains open. 

After treating an abscess in this manner and filling the root canal, 
it will generally require from ten days to two or even three weeks 
before the parts are finally healed. During this time there will be a 
discharge of blood and serum through the fistula, presenting the appear- 
ance of pus, but this is a perfectly natural condition, as there is a normal 
sloughing of the disintegrated tissues which must be expelled as the 
parts are healing. 

At times, when the edges of the wound are fresh, the fistula may 
close up at once, or within two or three days, but it will break out 
again, and this may be repeated several times; it will not heal finally 
until all of the sloughed tissue has entirely disappeared and healthy 
granulations have replaced it. 

It is very rarely, in the case of an acute abscess, that it is necessary 
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to repeat this treatment, but it should be remembered that the cure 
depends entirely upon the thoroughness with which the operation 
has been performed. | 

Establishing a Fistula.—If there is no external opening, and the 
abscess has been draining through the pulp canal of the tooth, it is 
necessary to establish a fistula. Occasionally, by sealing the opening 
through the tooth for a time, Nature will establish one with compara- 
tively little discomfort to the patient, but if this cannot be done, it 
becomes necessary to make an opening through the gum and process. 

A spear-pointed drill is best suited for this purpose; it should be of 
a large size, sharp, and perfectly sterilized. 

b a 


Fie. 541 Fig. 542 


Locating the Apex of the Root.—It is necessary to first locate the apex 
so as to know exactly where to drill. The foramen is slightly enlarged 
in order to ascertain the exact length of the tooth or root. This can 
be done with a small hooked broach, passing it through the canal and 
catching the hook over the end of the root. A small piece of rubber 
dam is pressed down over the broach to the incisal edge of the tooth 
or against the end of the root (Fig. 541). The broach is then removed. 
The position of the rubber indicates the exact distance from the end 
of the root or the incisal edge of the tooth to the apex. <A perfectly 
straight broach is then inserted, being of a larger size than the one used 
in measuring the length of the root, one that will wedge in the canal 
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with the end passing through the foramen into the pocket, the handle 
extending beyond the incisal edge of the tooth, as in Fig. 542, a. By 
following the line of this broach the exact direction of the canal is 
indicated. 

By placing the hooked broach over the gum and bringing the piece 
of rubber dam even with the incisal edge of the tooth, or with the end 
of the root, it will show exactly how far from the incisal edge to drill 
in order to strike the pocket or the end of the root (Fig. 542, b). 

Using these two as a guide, and following the direction of the broach 
which is wedged into the root, the drill can be directed so as to reach 
with certainty the apex. This operation can be quickly and easily 
performed by using a general anesthetic, but it is very rarely that a 
general anesthetic is indicated, as the time required is so short that a 
local anesthetic, used hypodermically, will give satisfactory results. 

Painless Insertion of the Hypodermic Needle.— With patients who are 
of a highly nervous temperament, or where the tissues are extremely 
sensitive, the pain caused by the insertion of the hypodermic needle is 
at times almost as great as would be the pain of the operation if it 
were performed without an anesthetic. The pain caused by the forcing 
of a hypodermic needle into the soft tissue may be greatly lessened if, 
when the syringe is filled, the flattened side of the point of the needle is 
pressed tightly against the gum and the end of the finger pressed over — 
the point, at the same time pressing on the plunger. It is held thus 
for a moment and gradually the needle is forced into the tissue, the 
pressure on the plunger being kept up all the time. In this way the 
tissues are anesthetized in advance of the needle, and the operation 
rendered almost painless. The gum should be first cleansed and dried 
with alcohol, and it is well to touch it with iodin before attempting to 
insert the needle. 

The opening through the gum to the process can be made with a 
lance, a trephine, or by using a sharp spoon-shaped excavator; with 
the latter, by dipping it in carbolic acid and scraping the gum a little 
then dipping in the acid again and repeating this operation until the 
process has been reached. It is possible thus to go through the tissue 
to the process without drawing blood, and causing very little or no 
pain to the patient. 

It is possible to take a drill, with the edges of the blade very sharp, 
and drill directly through the gum, but unless the edges of the drill 
are very sharp, there is danger that the gum tissue may be caught 
and twisted around the drill and badly torn. The use of the lance 
is the quickest and easiest method, making a straight incision on a line 
with the long axis and over the apex of the tooth, or, if it is desired, 
a crucial incision may be made. , 

The point of the drill is placed over the apex of the root as indicated 
by the broaches which are serving as guides. 

The engine should be run very rapidly and the aim be to strike the 
end of the broach, which is wedged in the root canal, at about the point 
where it emerges through the foramen. 
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Some operators, especially among the younger practitioners, are 
timid and dread performing an operation of this kind, but it is very 
simple and is quickly done, not requiring more than a few seconds at 
the most. 

As soon as the pocket is entered, a fistula is established, through 
which the remedies can be forced freely. 3 

Chronic Dento-alveolar Abscess.—When an abscess has become 
chronic, extending over a period of several years, a necrotic condition 
in the apical region is established, and a portion of the root will also 
be necrosed. This necrosed area must be entirely cut away and the 
diseased portion of the root removed in order to effect a cure. 

Treatment.—The apex is located in the manner already described. 
The incision in the gum should be larger than where simply establish- 
ing a fistula. It should be at least 4 inch in length. A large spear- 
pointed drill is first used and is followed by a large coarse rose or pear- 
shaped bur to enlarge the opening through the process and bur away 
the necrosed bone. The necrosed bone must be entirely removed, and 
during the operation, frequent examinations should be made with an 
explorer or excavator, and the burring continued as long as there is 
the slightest trace of necrosed tissue. This can readily be determined 
by the sense of touch. The necrosed bone has a coarse or honey- 
combed texture, readily recognized by the instrument, while the healthy 
bone is smooth in comparison. 

After the diseased tissue is entirely removed, the wound is washed 
out with sterile water, and is then given the same treatment as already 
described in the case of an acute abscess using aromatic sulphuric acid, 
after which the root is filled at once. 

Amputation of the Root End for the Relief of Dento-alveolar Abscess. 
—In amputating the apex of a tooth root, some operators advise the 
use of a fissure bur, cutting straight across the root, thus removing the 
end in one piece. | 

In the writer’s opinion, this is an error, as the piece is left in the 
pocket and at times the part cut away is so large that it can only be 
removed by greatly enlarging the opening through the process. If 
it is not removed, it will act as an irritant and there will be a recur- 
rence of the trouble. 

A large rose bur or pear-shaped bur is indicated for this work, 
starting from the apex and burring away the root gradually as far as 
is necessary; the root is thus reduced to fine particles which are easily 
washed out from the pocket. The after-treatment is the same as that 
for an acute abscess. 

Many operators prefer filling the root before amputating. When this 
is done, the filling is burred away with the root. With this method, 
there is always a possibility of loosening the root filling, and thus leav- 
ing a chance for future trouble. 

The writer believes that in an operation of this kind, the most satis- 
factory and certain method is to fill the root after amputating. The 
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length of the root is taken with a hooked broach, and a canal plugger 
is selected which will reach only to within about + inch of the end, the 
same as in the filling of a root with an enlarged foramen. 

The pocket is first treated the same as for an acute abscess, being 
washed out with aromatic sulphuric acid. 

An instrument having a broad flat end is passed through the open- 
ing in the process and pressed tightly over the end of the root, being 
held firmly in that position with the left: hand. The canal is then 
thoroughly dried. } 

A gutta-percha point, which has previously been selected and 
which is slightly larger than the plugger which is to be used, the length 
being about that of the canal between the end of the plugger and the 
end of the root, is fastened to the plugger point by heating. This is 
dipped in eucalyptus oil and packed tightly against the instrument 
which covers the end of the root. By filling the root in this way, we 
may be quite sure that the filling is firm, and there will be no liability 
of leakage. | 

If the crown of the tooth is good, and the canal is not to be used 
for the reception of a post, the entire canal may be filled with the gutta- 
percha, packing it tightly against the instrument covering the end of 
the root. Fs 

If the wound is large, it is better that it be packed lightly with 
antiseptic gauze, which will act as a seton and keep the part drained. 
This dressing should be changed every two or three days and the 
wound washed out with an antiseptic solution. Healthy granulation 
will quickly begin and the depth of the wound will diminish as it is 
filled in with healthy tissue. The treatment should be kept up until 
the wound has become filled with healthy tissue to within about 4 or 
7's inch of the opening. The dressing and washing may then be discon- 
tinued. Healing will be complete within a very short time, if all of the 
necrosed tissue has been removed. If this does not take place, it is 
evidence that there is still remaining some diseased tissue, and further 
treatment, looking to its removal, is needed. 


MECHANICAL PREPARATION OF TEETH AND ROOTS. 


The vital relations of the teeth or roots having been satisfactorily 
settled, the success of either crowns or bridges depends more largely 
upon the proper preparation of their abutments than upon any other 
mechanical factor. If these are not properly prepared, the results 
will be disappointing to both dentist and patient, however well the 
prosthetic portion of the work may be done. A large proportion of 
failures may be traced to this source and too much care and study can- » 
not be given to the subject. Other parts of the work might perhaps be 
slighted without seriously affecting the permanency of the operation, 
but lack of proper preparation of the abutments will always be at the 
expense of the permanence and safety of the fixture. The trimming of 
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a tooth may seem to be a simple operation, but itis not. It takes time 
to do it properly and this time must be given. 

We shall undertake to describe in detail the preparation of the teeth 
and shall begin with those which are to receive full-gold crowns, either 
single, or as abutment pieces for bridgework. We shall take first the 
lower molars. 

Viewed from the buccal side, the approximal contour of these teeth 
is very great. Starting just below the gum line, it swells outward, 
until at the point of contact with the adjoining teeth, the tooth is from 
one-quarter to one-third larger than at the neck. Viewed from the 
occlusal surface, the tooth is oblong in shape. 

This tooth when properly trimmed, is nearly square in shape, with 
the corners rounded, being slightly broader on the mesial side and 
nearly flat, while on the distal side, it is somewhat convex. This is 
owing to the difference in the size and shape of the two roots. The 
buccal and lingual sides are nearly straight lines, with a slight depres- 
sion near the middle, from the bifurcation of the roots, (Fig. 543.) 
This description will apply more especially to the first and second 
molars, the third molar being subject to greater variation in shape,;than 
the others. 


Fia. 543 Fic. 544 Fig. 545 


The lower molars are, perhaps, the most difficult teeth in the mouth 
to trim. The bulk of the cutting in these, as in all of the teeth, will 
be on the mesial and distal surfaces, the contour being greatest at these 
points. This contour must be entirely removed to a point about 7; 
inch below the gum line, so that when the band is passed over them, 
it will hug the neck of the tooth tightly. For doing this work cup- or 
saucer-shaped disks, either diamond, or thin corundum, or carborun- 
dum and rubber, are best adapted. (Figs. 544 and 545.) The tooth 
is examined with an explorer (Figs. 546 and 547) to determine how 
much of the contour it is necessary to remove. The edge of the wheel 
is placed at the proper point on the occlusal surface and nearly the 
whole of the contour can be taken away with one cut, using plenty of 
water and holding the wheel very steady. (Fig. 548.) If it is found 
that there is still some projection at the cervical margin, it may be 
removed with the face of the wheel. (Fig. 549.) 

For the buccal and lingual sides, when using the straight handpiece, 
a thin flat disk, or an inverted cone, either of diamond or carborundum, 
may be used. (Figs. 550, 551 and 552.) These should be from 2 to 3 
inch in diameter. | 
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The most of the cutting here, will be on the lingual side, as these 
teeth generally incline toward the tongue. ‘The trimming of these 
surfaces may be most easily done from the side on which the tooth to be 
trimmed is located. If it is on the right, the operator should stand on 
that side, if it is on the left, he should stand at the left of the patient. 
The buccal side may be ground with the face and the lingual with the 
reverse side of either the flat wheels or inverted cones. (Figs. 551, 
502, 000.) 


Fig. 548 


Fie. 546 Fie 547 Fig. 549 


The anterior buccal corner may be nicely rounded to the desired 
distance under the gum with the inverted cone or disk, using the face 
and rotating from side to side, as in Fig. 550. The posterior lingual 
corner is reached with the reverse side of the same wheels (Fig. 551), 
as used for the lingual side, while for the posterior buccal, the inverted 
cone must be used from the opposite side of the mouth. 
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The anterior lingual corner is the most difficult of any to reach, but 
most of this may be taken away with the face side of a saucer-shaped 
wheel, rotating it from the opposite side of the mouth. Very coarse 
emery-cloth disks on account of their flexibility are of great use in 
finishing these corners. 

With the right angle handpiece, small diamond disks from 2 to 4 
inch in diameter (Fig. 544) will be found very useful, especially for the 


Fic. 551 


Fia. 552 Fig. 553 


corners. In some places which cannot be reached with wheels or disks, 
the corners or ledges may be removed with enamel cleavers or scalers. 
The No. 38. S. White special scaler, may be used. (Fig. 554.) The 
explorer should be constantly employed to detect the slightest irregu- 
larity or projection of the surface by sliding it down the face of the 
tooth, and the least shoulder or ledge must be removed, so that when 
the band is passed over the tooth and under the free margin of the 
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gum, it will hug the neck tightly. A fissure bur or a finishing bur may 
often be used to advantage for locations which it is almost impossible 
to reach with anything else. 

In the lower jaw where the first molar has been lost, it will generally 
be found that the second has pitched forward so that its only point of 
contact with the upper teeth is at one of the distal cusps. In cases of 
this kind there will be little or no cutting on the distal side of the tooth; 
but on the mesial side at the masticating surface, it is necessary to cut 
far back toward the center of the tooth in order to make it nearly 
parallel with an anterior abutment as in Fig. 555. The 
cup-shaped disks are used here as in the former cases. 
The lingual and buccal sides and the corners are to be 
treated in the manner already described. 

Where there is an excessive leaning of the tooth 
toward the tongue, as in Fig. 553, there will be no 
cutting at all on the buccal side, but a great deal on the 
lingual, the most. of which can be done in one cut with a 
thin disk. 


Fig. 554 HiGg.ooo0 


It is far better to trim too much than too little. Ifa tooth is cut away 
more than enough to remove the contour, the band can rest on the ledge 
or shoulder and the cement may be entirely removed, so that there will 
be no irritation, but if enough has not been taken away, when the crown 
is in place, the band will stand away from the neck of the tooth and cut 
into the gum and the cement will present a rough, Jagged surface to the 
soft tissues, causing irritation and inflammation which may eventually 
result in the loss of the tooth. 

The bicuspids are trimmed in the same manner as the molars, but 
in most cases a straight or flat disk may be used on the mesial and distal 
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sides. The point of difficulty here, as in the molars, is the mesio- 
lingual corner and this will have to be trimmed largely with the scaler 
or the small diamond disk in the right-angle handpiece. 

At the masticating surfaces of the teeth, enough tooth structure 
should be ground away to permit the placing of a strong thick cusp, 
especially where it is to serve as a support for a bridge. This can best 
be done with a very coarse grit square-edged wheel. 

The shape of the upper is very different from that of the lower molars. 
Observed from the masticating surface, they are somewhat diamond- 
shaped with the corners rounded, the greatest diameter being from the 
anterior buccal to the posterior palatal corner. (Fig. 556.) This is 
generally the shape of the third molars, but these teeth are subject to 
more frequent variations in form than the others of the upper series. 
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Fie. 556 Fig. 557 Fie. 558 


A.B. 


The typical form of the upper molars, after being prepared, is not at 
all like that of the lowers. It is somewhat triangular in shape, with 
the long dimension on the mesial side. (Fig. 557.) It is broader at the 
buccal side than at the palatal, because there are two buccal roots and 
but one palatal. This shape may vary at times and the palatal be as 
large or even larger than the two buccal roots, but this is an abnormal 
condition and will be readily discovered by the use of the explorer. 

It infrequently happens that the first or second molars will have but 
two roots and when this is the case, they will both be of about the same 
size. Very rarely they may have but one root. The third molars are 
more uncertain, as there may sometimes be but one root, at other times 
several. ) 

The trimming of these teeth is much easier than that of the lower 
molars. The bulk of the cutting will be on the mesial and distal sur- 
faces, the greater part of which can be taken away with one cut of the 
disk already described. For the buccal and palatal surfaces and for 
the corners, the cup-shaped disks and inverted cones are indicated. 
The coarse emery-cloth disks will be found almost invaluable in round- 
ing the corners, especially the posterior buccal and palatal. 

The bicuspids are trimmed in the same manner as the molars. 
These teeth after being prepared are somewhat egg-shaped in cross- 
section, being long and narrow from buccal to palatal side, broader at 
the buccal and having slight depressions on the mesial and distal sides. 
(Fig. 558.) This description applies chiefly to the second bicuspid, as 
it is seldom that a full-gold crown, on account of its conspicuousness, 
should be placed farther forward in the mouth than that tooth. 
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We now come to the eight anterior teeth. All crowns for these 
teeth should be of porcelain or porcelain faced. The method of their 
preparation to receive a band is somewhat different from that of the 
other teeth, the work being done almost entirely with enamel cleavers 
and scalers. 


Fig. 559 


The typical shape of the roots in the upper jaw, anterior to the 
molars, the central incisors excepted, after being prepared for the recep- 
tion of the band, is oval, being broadest at the labial side and narrow 
at the palatal. This must of necessity be the case, in order that they 
may be properly accommodated in the arch. (Fig. 559.) 
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The first bicuspid has very much the same shape as the second. The 
shape of the canines and lateral incisors is almost a true oval, but the 
central incisor roots, while of the same general ovoid form, are more 
distorted, being somewhat triangular in shape. The longest side of the 
triangle is on the mesial and the shortest on the distal side of the root. 
The labial side is somewhat flattened and generally inclines outward 
toward the median line. 


Fic. 560 


In preparing these teeth, they should be left about 3; inch above 
the gum line until after the root has been trimmed and the band has 
been fitted. (Fig. 560.) It will be found that the greatest sectional 
circumference of the roots of these teeth is at the point of junction of the 
enamel with the dentin. (Fig. 560.) The enamel must be entirely 
removed, and if this is properly done, unless there has been a recession 
of the gum, the root will be of the proper shape for the reception of the 
band (Fig. 561), which should take the place of the enamel and fit the 
root tightly. 


| 
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Fic. 562 Fiac. 563.—Enamel scaler. 


For removing enamel, the enamel cleavers (Fig. 562), and the scalers 
are best adapted. On the mesial and distal sides thin disks may often 
be used to advantage. For the labial and palatal sides, the No. 3 
scalers are the best, as the curve of the instrument adapts itself nicely 
to the root. These instruments should have short heavy handles 
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(Fig. 554, p. 604) so as to afford a sure grip for the hand, and should 
be held in such a guarded and protected manner that there will be no 
chance of the instrument slipping and injuring the soft tissues. For 
the approximal sides, where the teeth are very close together, the 
No. 7 scaler (Fig. 563) will be very useful. At the basilar ridge, where 
the enamel is very thick, the enamel cleavers can be used to start with, 
afterward finishing with a No. 3 scaler. Where the gum has receded 
beyond the edge of the enamel, the root is trimmed in the same 
manner, the sides being made parallel or slightly convergent. 

The roots of the lower anterior teeth are the same general shape as 
those of the upper, with the difference that the bicuspids are narrower 
proportionally bucco-lingually and the incisors are flattened mesio- 
distally. These roots are trimmed with scalers in the same manner 
as the upper teeth. 


SHAPING THE FACE OF THE ROOTS AND ENLARGING THE 
CANALS. 


The further preparation of a root in the anterior part of the mouth, 
after the enamel has been removed, varies according to the style of 
crown which is to be used. In any case where an anterior root Is to be 
banded, it should be left standing about 5 inch above the margin of 
the gum until after the root has been trimmed and the band has been 
fitted. For taking the measurement of the root, Kirk’s dentimeter is 
the most suitable instrument. ‘The wire is placed over the end of the 
root and forced as far under the gum as is possible and twisted until it 
hugs the root tightly. It is then removed, the loop cut, the wire 
straightened out and the band cut to the measurement and united 
either by sweating or soldering. It should be festooned to follow 
the gum line perfectly, so that it will go an equal distance below 
the margin all around. After the band has been fitted, it is removed 
and the root cut to its proper length. It should be cut at least 35 
inch and in many cases, nearly or quite jg inch below the gum line 
on the labial or buccal side, so that when the crown is placed on the 
root, the band will be completely hidden. (Fig. 564.) Where a Rich- 
mond crown is to be used, the root is left standing out from the gum 
on the palatal or lingual side as in Fig. 564. If porcelain is to be used, 
it is necessary to have as great an amount of body as possible to give 
strength to the crown, this being of necessity a very fragile material. 
In this case the root should be cut so as to follow the line of the septum 
of the alveolar process, leaving it higher in the center and low both 
labially and lingually as in Fig. 565. 

In opening up the root for the pin, if it is enlarged on a line with the 
canal, the pin will in most cases come wholly or partially under the 
facing, necessitating the cutting of the facing to accommodate it, or 
if the facing is to set close to the floor, which is desirable in the six 
anterior teeth, the cutting away of the end of the pin, so that the only 
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attachment it will have to the crown will be to the thin floor of the cap. 
This applies more particularly to Richmond crowns on the six anterior 
roots, either single or those to be used as abutment pieces for bridges. 
The better procedure is, after the canal has been enlarged in a direct 
line, to incline the reamer toward the palatal side of the root, thus 
sloping the canal in that direction. (Fig. 566.) Now by bending 
the pin slightly, there will be ample room in front of it for the facing, 
the pin coming up behind it as in Fig. 567. 


Fie. 564 Fia. 565 Fie. 566 Fic. 567 


For porcelain crowns, the root should be enlarged only on a line with 
the canal, especially in the upper jaw where the strain is all outward, 
and the facing grooved to receive the pin, so as to have as great an 
amount of porcelain on the palatal side of the crown as possible, to give 
the needed strength. (Figs. 568 and 569.) In the lower jaw where 
the strain is inward, the pin may be set farther in toward the lingual 
side of the root. 


Fig. 568 Fic. 569 


REQUISITES OF A CROWN. 


Artificial crowns should, as nearly as possible, restore the appearance 
and function of the natural teeth. Moreover, by their presence they 
should afford no more opportunity for the action of disease-producing 
agencies than when a natural crown is upon a pulpless root. This rule 
is impossible of exact fulfillment, but it is possible that by a correct 
artificial crown, properly placed upon a healthy root, the possibilities 
of disease processes arising may be reduced to a minimum and by an 
improperly made or placed crown the probabilities of subsequent dis- 
ease are Increased. 

All crowns must rest firmly upon the face of the root upon which 
they are placed. The contact must be at all points of the edge of a 
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crown with the tooth surface. If of porcelain, it must correspond in 
shape, size, shade, and position with its fellows, and must subserve the 
purposes of a crown in mastication. 

There should be at no part any projection which can form part of a 
pocket, nor any point which can act as an irritant to vital tissue. The 
line of junction between root and crown should be clean and clear, so 
that neither the surface of the root projects beyond the edge of the 
crown nor the edge of the crown beyond that of the root. 

If a shell or collar crown, the gingival edge of the band must be in 
close contact with the root surface. It should extend far enough 
beneath the margin of the gum to grasp the root firmly, but should not 
extend to the alveolar border. <A limited portion of pericementum is 
destroyed in trimming a root, and the band should not extend beyond 
this point. As the band represents or replaces the upper border of 
enamel, it should not extend much beyond the depth of the enamel 
line unless the gum should have receded from about the tooth. 

Porcelain crowns should have the porcelain protected against frac- 
ture, either by the inherent strength of all-porcelain crowns themselves, 
or of sufficient bulk to supply the strength required. 

For posterior teeth the details as to correspondence of size and con- 
tour are equally important, and in addition their articulating surfaces 
should have such an arrangement of cusps and sulci that the normal 
masticating surface is restored. 


TYPE SELECTED. 


As a general rule, no root anterior to the first molar should be 
crowned with an all-gold crown. None of the incisors or canines should 
show any but a porcelain surface. Any healthy root if of good size 
and structure will safely carry a crown, but except in temporary work, 
the root should be banded to protect it from fracture. | 


TEMPORARY CROWNS. 


The pin and plate crowns or crowns of that type when there is no 
reinforcement to prevent the fracture of the root, are practically all 
alike and are suitable only as temporary crowns. They are very simple 
and are easily and quickly made. They are applicable for the front 
of the mouth or the bicuspids, especially where the teeth are broken 
down and it is necessary to restore them temporarily while permanent 
crowns are being made. Patients will appreciate it very much if tem- 
porary crowns are made before removing the broken down crown so 
that as soon as these are cut off, others are ready to go in place of those 
removed. It is good practice never to let a patient leave the office 
with a crown missing in the front of the mouth. A careful plaster 
impression is taken and an accurate model is made of the teeth which 
are to be replaced. After the model has well hardened, the gingival 
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margin is carefully outlined and facings or crowns are selected. The 
plaster teeth are then cut off and a hole drilled in the plaster in the 
center of each root to a depth of about 2 of an inch. The stumps are 
cut just about to the gum line on the labial side and to within a little 
less than 7g of an inch on the lingual side. The facings or crowns are 
then ground, waxed in place and a wall of plaster is built on the labial 
side, as in Figs. 570 and 571, coming a little short of the incisal or 


Fie. 572 


occlusal edge. After the wall has hardened, the facings or crowns are 
removed, the posts or pins placed in the holes and the crowns, or 
facings adjusted. If facings are used, it is very likely that the facing 
may partly cover the opening in the root. In this case the entrance 
to the canal can be sloped a little lingually as in Fig. 566 and the pin 


Fig. 573 Fig. 574 Fie. 575 


bent to clear the facing (Fig. 567), or if the tooth pins are far enough 
from the face of the root, the facing can be ground to clear the pin, 
which is bent lingually (Fig. 567). If the tooth pins are close to the 
canal, the facing can be grooved between the pins as in Figs. 568 and 
569. | 
A backing and floor of one piece of pure gold 36 gauge is then made, 
bending it sharply at the lower edge of the facing and letting it extend 
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a little above the incisal edge. (Fig. 574.) A hole is made through the 
floor close to the facing; if the facing has been grooved, the backing is 
burnished into the groove. The backing is then burnished close to the 
facing, the extending end bent over the incisal edge of the facing and 
the tooth pins bent outward to hold the backing in place. The pin is 
then put through the floor and it is placed on the model and waxed 
for soldering. (Fig. 575.) It is invested as shown in Fig. 621. Ifa 
crown has been removed, or the natural crown has broken off, the tem- 
porary crown can be made at the chair. The top of the root is ground 
flat and the canal is opened up for the reception of the pin. The facing 
is grounded to the root the same as to the model. The backing is made 
as already described, placed over the pin on the root and the floor 
burnished to the face of the root and the whole waxed together with 
sticky wax, removed from the mouth and soldered. 

A temporary bridge on practically the same order can be made 
quickly on the model. Let us say certain teeth are badly diseased and 
it is necessary to remove them, for example, the four incisors. The 
cuspids are first opened up and the canals filled. An impression is 
taken and also a rough bite and a model prepared. Facings for the 
six anterior teeth are selected. The cuspids on the model are cut off, 
prepared the same as for a single crown described above and opened 
up for the posts. 

The incisors are now cut off just below the gum line. A bar extend- 
ing across and the posts can be made continuous, measuring the dis- 
tance between the openings in the stumps and bending the wire so that 
it will enter the canals freely. (Fig. 572.) 7 

The facings are now ground in and a plaster wall built on the labial 
side the same as in Figs. 570 and 571. The facings are next backed 
with 36-gauge pure gold, the cuspids 
having backing and floor continu- 
ous, asin Figs. 574 and 575, while 
the incisors have the backing ex- 
tending a little beyond the incisal 
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and gingival edges and turned back over these edges. (Fig. 576.) The 
backed facings are now replaced on the model (Fig. 577) and all waxed 
together, removed, invested, soldered and finished. 

The patient is then called in and the incisors are removed. The 
crowns of the cuspids are cut off, the labial side just flush with the gum 
and the palatal side a little less than ;4; of an inch above the gum. 
The canals are now enlarged and paralleled with root reamers and the 
bridge tried in. It may be that the pins do not follow exactly the direc- 
tion of the canals in the roots, but the pins can be easily bent to follow 
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them and it takes but a short time to adjust the bridge. It can be set 
with temporary stopping or base-plate gutta-percha. It is then artic- 
ulated so that there is no undue strain on the roots, and the patient 
dismissed. 

A bridge made in this manner and placed in the mouth immediately 
following the extraction of the roots so that no one outside of the office 
sees the patient without teeth, gives the utmost satisfaction and does 
much to win the respect and confidence of the patient. 

The bridge can be worn until the gums are in such condition that 
a permanent bridge can be inserted. If the roots are not large, it is a 
sate procedure to place a small band around them before setting the 
bridge. In fact, it is a good practice to use this band in practically all 
cases as a precautionary measure. 

Where an all-porcelain crown is used, the work can be done on the 
model or in the mouth. The crown is ground to fit the model and the 
pin is prepared to go into the canal extending up into the hole in the 
base of the crown. They should now be finished in the mouth. The 
root canals are opened up, the pins are placed in them and the crowns 
are placed over them. It may be that the pin may have to be bent a 
little as it leaves the root in order to set the crown in the proper position, 
or it may have to be shortened a little, After it has been properly 
adjusted, the hole in the base, and the pin are dried, and the pin 
cemented in the crown. 

The cement is mixed fairly stiff, just so it can be worked into the 
hole in the base of the crown, and the pin is pressed into the crown. 
While the cement is still a little plastic, the crown is placed on the root 
and pressed into its proper position, the cement will give a little while 
it is slightly soft; it is now held for a minute or two until the cement is 
stiff enough so that the pin will not change position, when it is removed 
and put in a warm place and the cement will harden very quickly. 

A crown like this can be made in the mouth in a few minutes, facing 
the root and grinding the crown to it. It can be set with base-plate 
gutta-percha, or if it has to be removed every day or two for work or 
treatment, it can be set with temporary stopping. 

Where the natural crowns of the teeth have to be removed, they 
should be cut off with a very thin disk when possible, very close to the 
gum on the labial side and just a little above the gum on the lingual 
side. The pulp-chamber is opened up and the canal is enlarged. 

A pin is prepared and the crown is adjusted exactly the same as a 
porcelain crown. This makes a most satisfactory temporary crown 
and the natural crown can be used even when quite badly decayed, 
the cavity excavated and filled when the pin is cemented in. 


PERMANENT CROWNS. 


In all permanent crowns, whether used as single crowns or serving 
as abutments for bridgework, the root should be banded so as to obviate 
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any liability of fracture owing to the extra strain to which the root 
may be subjected. | 

The first requisite of this band is that it shall fit absolutely, not 
approximately. Faults in this direction are the most common and 
those to be most guarded against. The second requisite is that these 
bands shall not be irritating to the vital parts, and yet shall offer a 
perfect protection against the ingress of pathogenic organisms or their 
products to the parts we design to protect. This implies that the band 
shall not impinge on the pericementum, nor must it have any rough- 
ened edge or surface to irritate the overlying gum. It should extend 
to such depth beneath the gum margin that the gingival margin shall 
form a barrier, not the wall of a pocket. The band should grasp, but 
not irritate; js inch or a trifle over in depth will be sufficient in the 
majority of cases. 

Constructing a Built-up Contoured Gold Crown with Solid Gold Cusps. — 
Taking the Measurement of the Root.—The measurement of the root 
should be taken straight across and as nearly at a right-angle with the 
sides as possible. It is very rarely that this measurement should actu- 
ally follow the gum line. Where there has been a recession of the gum 
on one or more sides of the tooth, if the wire with which the measure- 
ment is taken is carried down to these points all around, it will be 
found that the band, when it is made, will be too large to fit the root. 

As will be seen in the illustration of a lower molar where the tissues 
are high at the back, but show a considerable recession on the mesial 
side of the tooth (Fig. 578), if the measurement is taken following the 


Fig. 578 Fig. 579 


line of the gum from a to b, when it is brought up so that it extends 
straight across following the line a to c¢, it will be much larger than it 
should be. The wire should be forced as far under the gum distally 
as possible and then brought straight across to the point d. Then, too, 
in Fig. 579, showing an upper molar with considerable recession of the 
tissues bucally and lingually, it can readily be seen that, if the measure- 
ment follows the gum line from a to b, when it is straightened out it 
will extend from c to d, with the result that a band made to this meas- 
urement would be much too large. 


FULL GOLD CROWNS. 


In the consideration of full gold crowns, the built-up, solid-cusp 
crown is unquestionably better than any other and as it is probably 
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most quickly and easily made, its construction will be described. The 
measurement of the root is taken; the band is made of No. 30 coin gold. 


My 
ou ep, 


\ Ly 
\\ ®, 


Mf 
l 


IANA 


Mt 


i 
iH 


ii 


Fig. 582.—Peeso pliers. Fie. 583.—Robinson pliers. 


One end of the band is then beveled with a file to a knife edge, the 
ends brought in contact, bringing the beveled end under the other 
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(Fig. 580), and sweated or soldered together. It is then given the 
approximate shape of the stump, and roughly festooned or trimmed 
to follow the gum line. (Fig. 581.) 

The shaping of the bands is best done with the collar pliers shown in 
Figs. 582 and 583. The beaks of the pliers in Fig. 582 are very narrow, 
one having a flat face, the other being rounded and slightly shorter than 
the other. ‘The beaks of the pliers shown in Fig. 583 are made on the 
same plan, but are larger and heavier. 

Where there is much contour to restore, the gold plate for the band is 
cut on a bevel, measuring from the gingival edge and flaring outward 

toward the occlusal edge. (Fig. 584.) The 


band is now fitted to the root, cutting and 
| filing the edge and following the gum line 
| carefully and extending about +; inch below 


: - it. It is then cut down a little short of the 
occlusion, replaced on the root and the im- 
pression and bite taken. The impression 


Fia. 584 should preferably be taken in plaster of a 

very fine grade. Modeling composition or 

wax should rarely be used. If there are dove-tailed spaces or under- 

cuts to be secured, modeling composition will not give an accurate 

impression, but whatever the position or condition of the teeth may 

be, a cast made from a carefully taken plaster impression will be an 
exact reproduction of the parts. 

The bite should also be taken in plaster, and this may be done sim- 
ultaneously with the taking of the impression. The advantage of 
taking the bite and impression at the same time in plaster is the abso- 
lute accuracy of the relation of the upper and lower teeth which is thus 
secured. Where the bite is taken in this way, it is possible to make and 
articulate a crown or a bridge so perfectly that when it comes from the 
model, it is finished and will not have to be touched to correct the occlu- 
sion when it is placed in the mouth. When a tray is used for the plaster 
impression and the bite is taken separately in wax, the occlusion 
of the piece will invariably have to be readjusted when it is placed in 
the mouth. It is then sent back to the laboratory for a second finishing 
and polishing, for if it is finished in the mouth, the polishing can never 
be properly done. The cusps and fissures, which are necessary for per- 
fect mastication, are partly or wholly obliterated and the usefulness and 
beauty of the piece are destroyed or at least impaired. 

As the impression and bite are conjointly taken in a similar manner 
for a single crown or for a small bridge, the description of one will 
answer for both. Suppose it to be a bridge case; the abutment caps 
having been made, they are placed in position on the teeth or roots 
and the patient instructed in opening and closing the mouth so that 
the correct occlusion may be secured. Every dentist knows how diffi- 
cult, and at times almost impossible, it is to get patients to close the 
mouth properly. The mandible is protruded or thrown to one side or 
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the other as they bite into the plaster or wax. If, while the mouth is 
open, the patient is told to place the tip of the tongue far back on the 
soit palate, and to keep it there while the mouth is being closed, it will be 
difficult for the patient to give the wrong bite, as when the jaw is thrust 
forward or to one side, the tongue must move with it. In any but large 
cases, a little salt or potassium sulphate should be used to hasten the 
setting of the plaster, but in very large cases, nothing should be used 
for this purpose, as the plaster is likely to set before it can be properly 
distributed. The plaster should be thoroughly mixed, and when it is 
just stiff enough so that it will not fall from the spatula when the latter 
is inverted or turned edgewise, it is ready for the mouth. It is carried 
in on the spatula and the abutment teeth should be well covered; a few 
of the adjoining teeth are included in the impression and the plaster 
is built up thickly in the space intervening between the abutments. 
The surfaces of the occluding teeth in the opposite jaw are also covered, 
and the patient is instructed to close the mouth, to bring the teeth 
tightly together, and cautioned not to move the jaws until the plaster 
is well set. The teeth which are not included in the impression are 
carefully examined to see that the jaws are in their correct occlusal 
relation. With a wet spatula the plaster may be smoothed and pressed 
around the teeth and gums on the labial and buccal sides. 

The patient is requested to separate the jaws slowly and carefully 
when the impression is hardened, and it is removed, coming away gener- 
ally in a more or less broken condition; the broken 
parts are easily united and fastened together with a ASaeT A 
adhesive wax. The abutment capsare then removed, ~~ | | i 
if they have not come away with the plaster, and 
placed in position in the impression. Their inner Fic. 585 
surfaces are to be given a coating of melted pink 
wax, enough being used to obliterate any undercuts. (Fig. 585.) The 
impression is then varnished and the cast run. 

In all extensive cases an anatomical articulator should be used, but 
for many small bridges and for single crowns, a plaster articulator may 
be used. In making the cast from a bite of this kind, the lower half of 
the impression is run first. The reason for this is, that by having a 
regular system for running casts, the operator always knows just how 
_ to separate them safely. When the sides of the casts are trimmed, the 
grooves in their posterior extensions (to be referred to presently) will 
enable him to distinguish at once the upper from the lower side and 
to know just how to cut without danger of injuring the cast. The casts 
should be well trimmed and should be no larger than is necessary. 

Working casts should always be made of the hardest plaster obtain- 
able. Hard plaster is always coarse and can be distinguished by rub- 
bing a small amount of it between the thumb and finger. It is always 
slow setting and nothing should be used to hasten this, as rapidity of 
setting is gained at the expense of hardness. It should be mixed with 
cold water and stirred only just enough to secure a homogeneous mass. 
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Much stirring has the same effect as the use of salt or warm water, 
making the plaster set more quickly but reducing its hardness. 

For a separating medium, sandarac varnish gives as good results as 
anything that may be used. It is first colored with a little carmine, 
or a little of the crayon of an indelible or of a copying pencil scraped 
into the varnish. Only a little of the crayon is needed to impart a 
pinkish or purplish tint. The impression should be slightly moist for 
varnishing, since if it is dry, the sandarac will soak into the plaster and 
will not give a glazed surface; while if it is too wet, the varnish will not 
adhere sufficiently but will scale off. If the impression has dried out, 
it should be dipped in water and then laid on blotting or bibulous paper 
for a few minutes before varnishing. It will make the separation from 
the cast easier if the surface of the impression is dusted with talcum 
powder, the excess of which should be blown out with a chip-blower. 
Oil should not be used as a separator, as it has a tendency to make the 
surface of the cast soft. A soap solution makes an excellent separating 
medium. ‘The impression is coated thoroughly with the solution, using 
a soft brush to apply it, after which it is well rinsed in clear water. If 
this is not done and any of the suds are left in the impression, the sur- 
face of the cast will be covered with holes and bubbles and will-be soft. 

The plaster for the cast should be mixed a 
little stiffer than for taking impressions. The 
half of the impression which is to be poured 
first, is filled with water, the most of which is 
shaken out, leaving a little in the bottom. A 
very small quantity of plaster is now placed on 
the edge of the impression and worked down 
into it with a jolting or jarring motion (Fig. 
586), adding a little at a time until it is filled. 
A small camel’s-hair brush may be used to work 
the plaster in, but will give no better results than 

Fia. 586 the method described, if due care is used to avoid 
the confining of air. 

After the impression has been filled, the remaining plaster is scraped 
from the bowl upon a glass slab and the filled impression inverted 
upon this. The plaster should extend an inch or more beyond the dis- 
tal side or end of the impression and a separating plate (Fig. 587) 
pressed into it, the ridged side down. (Fig. 588.) This is allowed to 
remain for a few minutes until the plaster has set, when it is removed. 
The cast is trimmed and the surface produced by contact with the 
separating plate is varnished (Fig. 589), and after allowing it to dry 
for a few minutes, the upper half is run in the same manner as the lower, 
covering the varnished extension with plaster and pouring the surplus 
on the slab, the upper half being pressed into it. After allowing it 
to harden for a few minutes, it is removed from the slab and trimmed. 
(ig. 590.) In the absence of the separating plates, the plaster may 
be smoothed with a spatula, and after it has become hard, grooves or 
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notches may be cut in it with a knife, after which it is varnished as 
before. In separating, the impression is carefully cut away from the 
sides, until the purplish tint from the varnish shows that the cast is 
near, and: the teeth are uncovered as far as possible. When the impres- 
sion is nearly all cut away, the point of a knife is introduced between 
the articulating surfaces and by a little careful prying, the halves 
are separated, after which the remainder of the impression is easily 
removed. ‘The casts are then trimmed and smoothed and if they are 
rubbed with talcum powder, it will give them a beautiful polished 
surface. 

If the tooth or root has been properly prepared, the band may be 
made and the crown or bridge completed without the band having been 
first fitted in the mouth, the whole of the work being done on the pre- 
pared model. In preparing the model for this procedure, it is first dried 
thoroughly and then trimmed, cutting down on a line with the sides of 
the tooth to nearly 7 inch below and parallel to the cervical margin. 
(Fig. 591.) After the trimming, it is soaked with thin sandarac varnish 
and again dried. This will make the model hard enough to withstand 
the wear incident to fitting the bands. The sandarac varnish as pur- 
chased at the dental depots, diluted one-half with alcohol, is suitable 
for this purpose. 


Fig. 591 Fie. 592 


If the band has been fitted to the tooth, after the articulating cast has 
been obtained, it is removed by grasping it with a pair of slightly heated 
pliers, which softens the wax at its inner surface; the wax is burned off 
and the band cleansed in dilute sulphuric acid. The contour is made 
by stretching the band toward the occlusal portion. (Fig. 592.) This 
may be done on the beak-iron of an anvil with a small hammer, or 
with a pair of stretching pliers designed especially for this purpose. 
(Hig. 593.) This gives the band a decided flare and if it remained like 
this, there would be only a hair line of contact between the crown and 
an adjoining tooth. A broad contact is desirable and this is obtained 
by annealing and straightening up the upper third of the band. This 
is done with the Robinson pliers, placing the rounded beak inside and 
pressing the band inward until the sides are parallel. (Fig. 594.) It 
is then annealed and given the normal shape with the fingers and collar 
pliers. The band is placed on the model and the buccal and lingual 
sides grasped between the thumb and finger and pressed in until they 
are on a line with the other teeth. The pliers are then used to make the 
buccal and palatal or lingual fissures and to remove any little irregu- 
larities which may exist in the band. It is now cut short enough to 
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allow the placing of a thick solid cusp and the top edge filed perfectly 
flat. If from a plate or buttons a suitable cusp can be selected, a 
matrix of very thin pure gold is made from it by swaging into a fusible 


Fic. 593 


metal die, and this, after it has been cleansed in nitric acid, is filled with 
coin gold (Fig. 595) and the under surface filed flat (Fig. 596) so that 
there will be perfect contact between its periphery and the band. ‘These 
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are then wired together with iron binding wire, the wire being twisted 
at the gingival end of the band, and a little borax or soldering fluid 
placed around the inside at the point of contact. 
GD.’ ~—srwith the cusp. A couple of pieces of solder are now 
ie placed on the inside next to the band and the crown 
held over the flame of a Bunsen burner by the twisted 
wire until the solder has flowed all around. (Fig. 
a 597.) The wire is then removed, the crown cleansed 
in acid, any overhanging edges of the cusp ground away, and the crown 
finished and polished. 
In the event of a suitable cusp not being found, the top of the band 
may,be filled with soft plaster or modeling composition and the occlud- 


Fic. 595 Fic. 596 


ing teeth, having been previously covered with oil or taleum powder, 
pressed into it-and moved in various directions. After the plaster or 
composition has hardened, the cusp is carved to represent as far as 
possible a typical cusp for the given tooth, and a die of fusible metal 
made and solid cusp secured as already described. 

A much better way of making these crowns is the use no solder at 
all, but to sweat the joints throughout. If solder is used, it is sure to 
discolor in time and dark lines will indicate the several joints. The 
sweating of the band is done with the blowpipe or with a brush flame 
or the flame of a Bunsen burner. In using the blowpipe the band is 
placed on a charcoal block with the seam to be united uppermost, 
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covered with a little borax or soldering fluid. The flame used is the 
blue point of the blowp 


inner 
ine 


Fic. 597 


Fig. 598 
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to fuse, when it is quickly removed. This makes a stronger union than 
can be made with any solder. The higher the carat of the solder used, 
the stronger is the union and where none is used, the band will be 
practically seamless and as strong, or stronger at that point than at. 
any other. The band is then festooned, contoured, and filed flat as’ 
already described. The cusp is made and wired to the band as in the 
soldered crown. It is then fluxed and held by the twisted wire with a 
pair of light pliers, cusp down over a Bunsen flame well toward the top, 
so that the thick cusp will be heated first until it is nearly at the melting 
point. (Fig. 597.) The crown is then lowered a little in the flame and 
held until the gold begins to melt and unite the band with the cusp 
(Fig. 599), after which it is cleansed in acid and the crown finished and 
polished. | 


Fic. 599 


JACKET CROWNS. 


There are times when it is desirable to preserve the pulp of a tooth 
anterior to the molars where through accident or decay the tooth is too 
far broken down to be restored with inlays or fillings. As in the six or 
eight anterior teeth the placing of a gold crown is out of the question, 
it becomes necessary to make a shell which will cover the tooth, and 
protect the pulp, to which may be attached a porcelain facing. This 
makes a very good crown and can be made by those who have not the 
facilities for making porcelain crowns, or those who live long distances 
from laboratories where they could be made. The face of the tooth is 
ground away as much as possible without endangering the life of the 
pulp, cutting well under the gum as in Fig. 600. The sides and palatal 
portions of the tooth have their enamel removed, so that the band will 
hug the root tightly under the gum. The band is then made and fitted 
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to the root and cut out on the labial side flush with the tooth. (Fig. 
601.) The palatal side of the band is then pressed in close to the root 
and the mesial and distal sides of the band spread out nearly or quite 
to the width of the facing which is to be used, and a floor of coin gold 
sweated or soldered to it. (Fig. 602.) A thin facing is then ground so 
as to leave a little space between it and the cap, touching the latter only 
at the tip. The facing is now backed with thin platinum, crown metal 
or pure gold, letting it extend about ¥ inch over the incisal edge. It is 
then waxed to the cap, invested and soldered, flowing the solder between - 
the facing and the cap and if necessary over the palatal portion of the 
band. (Fig. 603.) 


io 


Fig. 600 Fig. 601 Fig. 602 Fig. 603 


Another method of making this crown is to carry the band to the full 
height of the tooth, to contour it, and cut it out on the face to the depth 
of the facing. (Fig. 604.) The facing is then ground to fit the edge 
of the cap so formed and a backing of coin gold fitted carefully to it. 
(Fig. 605.) This is then adjusted to the cap, waxed, the facing removed 
and the backing grasped in a light pair of pliers and soldered to the cap 
with 22-carat solder. The surplus backing is then trimmed away (Fig. 
606) and the facing put in place, the pins waxed on the inside of the 
cap, and the crown invested. The crown is invested face down and 
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covered but lightly, leaving the opening fully exposed as in Fig. 607. 
It is thoroughly dried out and flux placed on and around the pins. A 
piece of 18- or 20-carat solder is then placed over the pins, the whole 
brought to a bright red heat, and with the fine blue point of the 
blowpipe-flame thrown on the inside, the solder is melted, uniting the 
facing to the cap. It is then finished and polished. (F ig. 608.) 

In the making of a porcelain-faced crown for a bicuspid having a 
vital pulp, the tooth is prepared in the same way as in the anterior 
teeth, cutting it well out on the buccal side and grinding away the inner 
cusp. (Fig. 609.) The band is then made as for a full gold crown, 
and cut even with the cusp at the top and enough on the buccal side to 

40 
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allow for the facing. (Fig. 610.) The facing is then ground to fit the 
edges of the cap (Fig. 611) and a backing of coin gold fitted to it. (Fig. 
612.) The backing being fitted to the facing, it is placed in position on 
the cap and waxed and soldered with 22-carat solder. The backing is 
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then cut off even with the rest of the band and filed flat. (Fig. 613.) 
The tip of the facing is then ground on a bevel at an angle of about 
45 degrees, the lower edge of the bevel being on a line with the top 
of the cap. (Fig. 614.) A cusp is then selected, the under surface 
filed flat and the buccal side beveled to meet the bevel of the facing. 
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The cusp is then wired to the cap and soldered with 22-carat solder, the 
facing having first been removed. The cap is then cleansed in acid and 
the facing replaced in position and waxed. It is then invested and 
soldered from the inside and finished as already described. (Fig. 615.) 


BAND AND PIN CROWNS. 


While a pin and plate crown or any of the manufactured crowns are 
especially adapted for temporary work, where permanent operations 
are desired, the root should always be banded so as to reduce to a min- 
imum the possibility of a fracture. It is always best to be on the safe 
side in the beginning and to treat a root so that there is no possibility, 
or at least a very remote one, of trouble of this kind. The Richmond 
crown was one of the earliest in which the pin and band were combined, 
and for many years was one of the most popular permanent crowns 
used in the front of the mouth. It is still used a great deal, but more 
especially as an anchorage for bridgework. 

The root having been properly prepared as already described, the 
band is fitted to it, after which it is removed and the root faced to the 
depth desired. It is then replaced (Fig. 616) and marked around its 
inside and cut off flush with the top of the root, which should be about 
3z Inch under the gum on the labial side and about 7 inch or a little 
less above it on the palatal. (Fig. 617.) With a fine file it is then filed 
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perfectly even and a floor of No. 30 coin gold is sweated or soldered to 
the band. (Fig. 618.) It is now replaced on the root and a hole made 
in the floor over the enlarged root canal for the reception of the pin, 
which latter is preferably made of platinized gold. This is placed in 
position and fastened with adhesive wax (Fig. 619), removed, invested 
and soldered. It is then put back on the root and the impression and 
articulation taken, after which the cast is prepared in the manner 
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already described. After separating, the cap is removed from the cast 
with a pair of heated pliers and the floor on the labial side of the pin is 
ground or filed perfectly flat. It is then replaced on the model, and a 
suitable facing selected and ground to fit the floor of the cap. A 
backing of thin platinum or 36-gauge pure gold is then made, extending 
from the floor of the cap to about } inch above the tip (Fig. 620). 
The facing is then waxed in place with adhesive wax, and when this is 
nearly hard, the facing is pressed tightly against the backing to bring 
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them into close contact: The crown is now removed from the model, 
invested and soldered. The investment should be made to cover the 
band partly and take in the backing which extends beyond the cutting 
edge, thus holding it down and preventing it from drawing away from 
the facing in soldering. (Fig. 621.) When the investment has cooled, 
the crown is removed, cleansed in acid and finished. (Fig. 622.) 

A favorite and easy way of setting in the facing, is to grind it away 
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so that only the tip of it touches the floor of the cap at is outer edge, 
and then to let the backing extend all the way to the end of the facing, . 
and fill it in with solder. (Fig. 623.) The principal objection to this 
method, is that in many cases the gold can be seen from the front or 
side of the mouth, or there is a dark shadow between the teeth toward 
the gingival portion of the crown, which renders it unsightly and unnat- 
ural in appearance. 

In the making of the so-called Downey porcelain crown, where a 
facing is used, the band and cap are made in the same way as for a 
Richmond, with the exception that iridio-platinum plate, No. 32 gauge, 
is used instead of gold and the band is cut lower on the palatal side. 
The pin is also of iridio-platinum. For these crowns it is well to have 
only the tip of the facings touch the outer edge of the cap, as this per- 
mits the porcelain body to be worked under the facing better than when 
it is close to the floor. (Fig. 623.) _ 


Fig. 623 Fic. 624 

The facing may be grooved out between the pins to permit the post 
setting well into the facing (Fig. 625), allowing plenty of room on the 
palatal side for the porcelain body. The two pins may be notched 
slightly with the edge of a small half-round file (Fig. 626) toward the 
incisal end to allow them to be bent flat against the facing and brought 
into contact with the sides of the post. (Fig. 624.) They should not be 
bent out and around the post, as this would frequently carry them so 
far lingually as to sn: through the porcelain, and consequently weaken 
the crowns. 
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After the pins are bent in contact with the sides of the post, they 
are waxed firmly with hard sticky wax. A small amount of wax should 
be flowed around the labial edge of the band between it and the facing 
to prevent any of the investment material from working in between 
the facing of the cap. 

In investing this for soldering the pins to the post, a small amount 
of investment is placed on the slab and smoothed off perfectly flat, 
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leaving it from about 3 to 4 inch in thickness. The crown is then laid 
face down on the investment and pressed lightly until it is imbedded 
even, or flush, with the lingual side of the facing. A little of the invest- 
ment is then placed over the end of the pin to hold it in position. 
(Fig. 627.) 

No investment should be placed inside of the cap. This should 
be kept perfectly clear, the bulk of the pin and the cap being exposed 
to the flame. If the cap is filled with investment material, and the 
post and cap thoroughly covered, as in the illustration (Fig. 628), 
it will require a greater length of time, and much more heat to unite 
the pins to the post, as there would then be such a large mass of invest- 
ment to heat up. The investment taking the heat from the post, 
would make it very difficult to get it hot enough to solder the pins of 
the facing to it with pure gold. On the other hand, if the cap and the 
larger part of the post are left exposed, as soon as the investment is 
heated up to a red heat, by throwing the flame on the metal parts, 
the pure gold will quickly flow in between the pins and the post. 


Fig. 627 Fic. 628 


The flame of the blowpipe should never be thrown on the metal 
parts until after the investment and facing are thoroughly heated 
to a bright red heat, otherwise the facing will be broken, owing to 
the sudden expansion of the platinum pins. After it has been soldered, 
it is cleansed in acid and is ready for the application of the porcelain 


body. 


THE CASTING PROCESS AND ITS AVAILABILITY IN CROWN WORK. 


_ The introduction of this method has opened up a large field in this 
branch of prosthesis, but it must be employed with a full recognition of 
its limitations. Cast gold is not as strong as rolled gold, and a bridge of 
the former is not so strong as one built up and soldered. The shrinkage 
of the metal in cooling must also be taken into account or failure on that 
score is sure to result. 

The metal used for this work should be of high carat and of as great 
tensile strength and rigidity as possible. It should not be overheated. 
Coin gold seems to be well adapted for this purpose, as it possesses the 
qualities above mentioned and gives a good sharp casting. 

All-porcelain Crown with Cast Base.—This, being one of the simplest 
and easiest crowns to make, will be first considered. The root for a 
crown of this kind requires little preparation, as compared with one for 
a Richmond or other banded crown. The face of the root may be irregu- 
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lar from decay or fracture, or it may have been ground down to meet 
the demands of the case. In any event, it should be cut well beneath 
the gum line on the labial side, and on the lingual side enough to suit 
the requirements of occlusion. The lingual side should be beveled 
so that the base will overlap, thus giving additional support to the 
crown, and at the same time, serving to strengthen the root and over- 
come the liability of fracture. (Fig. 629.) The crown is then ground 
to conform to the size and shape of the root, and to touch it only at the 
labial side, leaving plenty of room between the balance of the face of 
the root and the crown to allow for a heavy base, as in Fig. 630. 

The dowel, or pin, which is preferably made of plantinized gold wire, 
is then adjusted and should be of sufficient length to go nearly or quite 
to the bottom of the hole in the base of the crown and into the root to 
a depth at least equal to the length of the crown. (Fig. 630.) It is well 
to flow a little sticky wax around the post, between the base of the 
crown and the face of the root, at point a in Fig. 630, as the wax, of 
which the base is to be made, will adhere to the post better than. it 
would otherwise. 
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The base of the crown is then lightly oiled, or coated very thinly with 
cocoa butter to prevent the wax from sticking, and the base wax, which 
should be a little softer and tougher than the ordinary inlay wax, is soft- 
ened and pressed around the pin at the base of the crown, which is then 
forced on the root and carefully adjusted in position. After the wax 
has been chilled, the surplus is carefully trimmed away until it is per- 
fectly smooth and flush with the sides of the crown and root. (Fig. 631.) 
The crown, together with the pin, is then removed from the root and 
the sprue wire attached, as in Fig. 631, by heating it just enough to 
imbed it slightly in the wax. It may be more firmly fixed by flowing a 
very small amount of wax around it at the point of entrance, after 
which the crown is removed. 

The sprue wire is now placed in the base of the flask (Fig. 632), and 
the crown base is invested in the same manner as an inlay, painting the 
investment very carefully so that there may be no air bubbles, which 
would be reproduced in gold in the casting and interfere with the fit of 
the base. After casting, it is cleaned and polished and adjusted to the 
crown and root. The base is first cemented to the crown, and after the 
cement has thoroughly hardened it is cemented in the mouth. 
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This makes a lasting crown when used singly, but it is not to be used 
for a bridge, as all bridge abutments should be banded. 

Banded Crowns.—'The caps for these crowns can be made in the same 

way as for a Richmond crown, being carried well beneath the gum 
labially. The impression is taken and the cast prepared in the usual 
way. 
The crown is ground in the same manner as already described in 
treating of the crown with the cast base, being beveled lingually and 
mesially and distally about half way to the labial face. (Fig. 
633.) ‘This allows a sort of socket for the crown to sit in 
and, at the same time, insures the correct position of the 
crown on the base. 

The base of the crown is lubricated, so that the wax will 
not stick to it, and the wax is flowed in between the crown and 
the cap, until it is well filled, after which it is carved flush 
with the crown and the band and the sprue wire attached, as 
in Fig.631. The crown is now removed, leaving a wax base Fria. 633 
attached to the cap. It is then set in the flask base and 
invested and cast in the usual manner. The base should be polished 
with the crown in position, after which the crown is cemented to the 
base and kept under pressure until the cement has hardened. It is 
then ready for the mouth. 

This method of procedure may be followed in making any crown of 
this type from molars to incisors. 


Fia. 634 Fig. 635 Fic. 636 Fie. 637 


Crowns with Porcelain Facings.—In crowns of the Richmond type, 
where a porcelain facing is used, the cap and pin are made and fitted to 
the root, and the facing ground to place, sloping it slightly more than 
the floor, so as to allow the gold to flow under the facing. (Fig. 634.) 
If there has been much recession of the gum, so that the band has to be 
sloped greatly labially (Fig. 635), it is well to grind a step in the bottom 
of the facing, so that there may be a good base for it to rest on, thus 
rendering it less liable to be forced down the incline and fractured. 
(Fig. 636.) The facing is then lubricated on the lingual side, and held 
in place with a little sticky wax on the labial side, or a light wall of 
plaster or modeling composition, and the lingual side is built up with 
hard inlay wax and carved and smoothed carefully. (Fig. 637.) 
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It should be remembered that the better it is finished in the wax, 
the easier it will be to finish the completed crown. The sprue wire is 
attached, as shown in Fig. 637, the facing carefully removed and small 
pins of graphite inserted in the holes left by the tooth pins, leaving them 
long so as to be gripped in the investment. ~ (Fig. 638.) Another way 
is to enlarge the pin holes in the wax after removing the facings and 


dovetail them on the inside, as in Fig. 639. This can be easily done | 


with a small coarse bur. It is then invested, care being taken to fill 
the pin holes, if they have been enlarged, and cast. After the casting 
has been made, the graphite pins are removed, the sides of the holes 
roughened, and the piece cleansed and polished. The tooth pins are 
then lightly grooved or roughened and the facing cemented. 
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If the holes were enlarged and dovetailed, the pins may be flattened 
a little at the end, and then bent at right-angles, as shown in Fig. 641, 
and cemented in place. Fig. 640 shows a bicuspid prepared for a 
facing. 

Anterior teeth, such as the centrals or laterals, are frequently found 
which have been broken off, as from a blow, the fracture on the lingual 
side extending far above the gum line (Fig. 642). They should be 
treated in practically the same way as the molars in the preceding case. 
The stump standing out of the gum is trimmed very carefully so that 
the sides are parallel. In this case, much greater care should be exer- 
cised to have these sides parallel than where the whole stump is standing 
and the root has simply to be crowned. The canal is enlarged and a 
post fitted into it, extending well out of the stump. 


Fig. 642 Fia. 643 Fia. 644 


It is understood that the tissues should be first pressed away (Fig. 
643.) The fractured part is then restored with cement, building it up 
around the post to about the same height as he part of the stump left 
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standing out of the gum, care being taken to trim close to the margin of 
the root and make the sides of the cement filling parallel to the standing 
stump. (Fig. 644.) 7 

If we have the part of the root which has been broken off, it can be 
put back in position, after removing any other enamel which may 
adhere to it, instead of replacing it with cement. The impression is 
taken with this in place. The broken piece of the root or the cement 
is then removed together with the post, and placed in the impression 
and a model made in the manner already described. The model is 
then trimmed carefully, well below the gum margin labially, and below 
the line of fracture lingually (Fig. 645). The cement and post are now 
removed and the labial side of the stump cut off enough so that the 
band will be hidden by the gum (Fig. 646). On this model the band is 
fitted, festooning it carefully so that it will come below the line of frac- 
ture lingually, and well under the gum on the labial side. (Fig. 647.) 
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If, for this case, a Richmond crown, with a facing and a gold back, 
or an all-porcelain crown with a soldered or a cast base, is to be made, 
the upper edge of the band may be cut flush with the edges of the stump 
_ lingually, and well under the. gum labially and a floor soldered or 
sweated to it. The post is next fitted and waxed in position and sold- 
ered or sweated to it. The post is next fitted and waxed in position 
and soldered to the floor of the cap (Fig. 647). This completed cap is 
then placed on the root in the mouth, an impression and articulation 
taken, the model prepared and the crown made and finished in the 
usual manner, carrying the solder down. to the edge of the band on the 
lingual side. (Fig. 648.) 

Where an all-porcelain crown is to be used, it is ground to fit the 
floor of the cap on the labial side, but should clear it well on the lingual 
or palatal side, and the mesial, distal and palatal sides are beveled 
slightly. A pin of platinized gold is placed in the hole in the base of 
the crown, which has previously been lubricated with a little oil or 
cacao butter, or if it is desired to cast the pin with the base, wax is 
forced into the hole and the crown held in place and hot wax flowed ‘in 
between the crown and the cap and over the beveled edges of the cap. 
It is then carved, the sprue former attached to the lingual side, the 
crown removed and the base flasked and cast to the cap. 
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If desired, after the crown has been ground to the cap and beveled, 
a base of pure gold can be carefully burnished and fitted to it, a platin- 
ized gold pin passed through it into the hole in the crown, waxed, 
removed, invested and the pin soldered to the base with a little coin 
gold. After cleansing, the base is readjusted to the crown, and then 
put in position on the cap and waxed firmly to it. 

The crown is then removed and the cap invested, soldered and 
finished as described under banded crowns. 

Where it is intended to use a facing, building up the lingual side with 
porcelain, the band and floor are made of iridio-platinum. The band 
on the lingual side should extend at least 34; inch above the line of 
fracture. (Fig. 649.) On this side a floor should be fitted to the inside 
of the band over the broken face of the root, allowing the band to extend 
above it, but on the labial side it can be brought over the top of the band 
and well under the gum. The band extending above the floor of the 
cap on the lingual side forms a protected seat in which the porcelain is 
baked so that there will be no thin margins of porcelain which would be 
liable to crack and flake off. (Fig. 650.) 
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Casting Directly on the Facings.—In making a single crown or a small 
bridge, where it is intended to cast directly against the facings, great 
care must be used that the wax does not overlap the porcelain at any 
point. ‘This is of the utmost importance, as if the wax is extended so as 
to grip the facings, the contraction of the metal on cooling will be cer- 
tain to crush them. The wax should be carefully trimmed to the edges 
of the porcelain, and it is a good plan to clean them well by rubbing 
the edges with a piece of tape or cloth before investing. 

Drying Out and Heating Up the Flask.— The flask should be dried out 
carefully and then brought to a very high heat throughout so that the 
facing will be red hot when the molten gold comes in contact with it. 
If the facing is cold, or but slightly heated, when the casting takes 
place, the rapid expansion of the platinum pins, taking the heat so 
much more quickly than does the porcelain, would fracture the fac- 
ing. After casting, the flask should be allowed to become perfectly 
cold before opening, after which the piece is cleansed and is ready for 
finishing. 

The crown, or the bridge, which has been made in this way will be 
satisfactory, providing there is little or no strain on the facings, but 
unless this is the case the method is decidedly objectionable. 
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In a facing which is reheated in 
soldering or otherwise, the strength 
of the porcelain is diminished, and 
especially is this so if a mass of gold 
is forced upon it in a molten state. 
The piece may come out with the 
facings seemingly intact, but they 
have been weakened, and in the 
majority of cases, if examined under 
a microscope, will show innumerable 
fine checks running all through them. 
It is far better not to subject the 
facings to this refiring, if it is possible 
to avoid it, as they are thereby ren- 
dered much more serviceable than 
they would be otherwise. 


REPAIRING OF CROWNS. 


When from any cause it is found 
necessary to remove a full gold crown 
from a tooth, if the crown has been 


properly fitted and cemented, it will . 


generally be necessary to cut the band 
in order to get it off. This may be 
easily done, unless the band has been 
heavily covered with solder, with 
one of the crown slitters which are 
made for this purpose, as illustrated 
in Fig. 651. With one beak resting 
on the cusp and the other caught 
under the edge of the crown, the 
forceps are closed, dividing the band 
all of the way to the cusp, when by 
giving a slight rocking movement, 
the crown may generally be easily 
lifted off. Should this not be the 
case, an instrument is passed under 
the flap and worked around the tooth 
to remove the cement and the band 
gradually loosened (Fig. 652). A 
hatchet-shaped excavator can some- 
times be used to do the cutting, the 
blade being drawn from the cervical 
edge to the cusp, until the band is 
divided. A small wheel bur will do 
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the work, cutting from the cervix to the cusp in the same way as with 
an excavator. 

In repairing the crown, thé cement is thoroughly removed and the 
edges of the break brought into close contact and soldered. If there is 
much. loss of material at the site of the cut, a narrow strip of thin plati- 
num or of pure gold is waxed over the line of division on the inner side 
of the cap, which is then filled with investing material and the broken 
edges united with solder. (Fig. 653.) 


(gulp 
Ee 


( i 
ACCC 3) 


iGenGac Fig. 653 


The repairing of a porcelain-faced crown is a much more difficult 
operation. If the crown has been set with gutta-percha, it may be 
easily removed by grasping it with a heated pair of pliers or forceps, 
having first protected the lips and gums of the patient with napkins. 
If it has been set with oxyphosphate of zinc, much more trouble will 
be experienced in getting it off. It will be necessary first to separate 
the cap from the pin. This may be done by passing a drill from the 
labial side through the base of the backing and the floor of the cap to 
one side of the pin (Fig. 654) and then cutting the pin through with a 
very small fissure bur, after which the cap is easily pried off. To remove 
the post, the cement must be cut away from around it until it has 
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become. loosened. A very fine spear-pointed drill will do this best. 
The shank of one of the finest burs or of a Gates-Glidden drill, flattened 
on two sides and then ground to a spear point makes an excellent drill 
for this work, being smaller than any obtainable at the dental depots. 
The cement is drilled away close to the pin all around, inclining the drill 
toward the post at all times so as to weaken the root as little as possible 
by cutting into it. (Fig. 655.) From time to time an effort may be 
made to loosen the pin by grasping it with a pair of strong small-nosed 
pliers (ig. 656) and trying to rotate it. If it will not loosen, the drilling 
is to be carried deeper until it can be removed. The remainder of the 
cement is then removed from the canal and a new pin fitted to it. The 
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palatal portion of the crown with the backing is then cut away, the 
cap placed on the root and the pin waxed in place. The cap and pin 
are now removed, invested and soldered, after which the facing is 
ground, backed and the crown soldered. 
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There are several ways of replacing a facing in the mouth. without 
removing the cap and pin from the root. A good way to do this where 
the remaining metal portion of the crown has sufficient thickness, 1s 
as follows: the remnants of the pins are first cut off and ground flush 
with the backing and an impression taken covering the backing and 
floor of the cap, and a cast made of plaster, cement or Spence metal. 
A hole is then cut in the back of the cast large enough for the pins to 
enter freely. (Fig. 657.) The facing is then selected and ground to fit 
the cast accurately. The backing of the crown or pontic in the mouth 
is then cut out to accommodate the pins, care being used not to come 
through on the lingual side. The cavity is then deeply undercut all 
around, making it strongly retentive in shape. (Figs. 658, 659, 660.) 
The pins of the facing are then flattened at the ends and bent at right 
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angles, one being cut off so that it is a little shorter than the other so 
that when the long pin is inserted and the facing pressed as far to that 
side ‘as it will go, the short pin will just pass through the opening in 
the backing. (Fig. 661). The cavity is now filled with cement and 
the backing and floor covered. The long pin is first introduced, the 
facing carried to that side until the shorter one will enter. It is now 
pressed tightly in place and then forced back until the sides of the 
facing are even with the backing. This will bring the ends of both the 
short and long pins under the ledge of the cavity and when the cement 
has hardened, it will be impossible to remove the facing except by 
breaking it. (Fig. 662.) 

Another method of repair in the mouth is by riveting a facing. It 
should first be fitted to a cast as described and a backing of tin-foil or 
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paper fitted to it and trimmed carefully to the edge of the facing all 
around. ‘This backing is then removed and placed in position over the 
gold backing of the crown in the mouth. (Fig. 663.) The holes in 
the backing will now show the exact position of the pins of the facing, 
and the holes may be drilled with a small spear-pointed drill the exact 
size of the pin. The holes are then countersunk from the palatal side 
and the pins cut off so that they will project only a slight distance 
through the backing. (Fig. 664.) The riveting is done with a plate 
punch. ‘The facing is removed and the backing and floor of the cap are 
dried with alcohol and covered with cement of about the same con- 
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sistence as that used in setting a crown. A piece of lead or a thickly 
folded napkin is placed over the facing and, with the die side of the 
punch resting on this, and while the cement is yet soft, the pin is 
riveted by rubbing and burnishing with the punch end of the forceps 
until the countersink is entirely filled. (Fig. 665.) After riveting, any 
excess platinum of the pin may be ground away and the back polished. 
If a facing is carefully riveted, the holes not being too large, this will 
make a stronger repair than can be made by any other method. If 
the cement has been allowed to harden before the riveting is done it 


will be broken and crumble away. 
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Dr. Emory A. Bryant? describes a novel method of attaching a new 
facing. A tap and die the size of the tooth pins are necessary, together 
with a special countersinking tool and a screw-driver. The pins are 
cut from the old backing and holes are drilled the size of the pins of the 


new facing, and in the proper positions. With the countersinking tool _ 


held in a right-angle handpiece, the holes are countersunk exactly to 
the outer wall of the backing. The nuts are made the size of the coun- 
tersunk portion. By means of the oiled die, a thread is cut on each pin 
of the tooth, and continued to the back of. the facing, exercising great 
care that the pins are not twisted. The backing is covered with 


1 The Dental Cosmos, vol. 36, p. 469, et seq. 
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cement, the facing set in position and each nut is loosely adjusted, then 
alternately screwed into place, drawing the facing close to the backing. 
The protruding portions of nuts and pins are then ground down and 
polished. 

This method of replacing broken facings is very ingenious, but it is 
a question whether the cutting of a thread on such a small pin will 
not weaken it to such an extent as to render it of little value where much 
strength is required. It is better if the full strength of the pin can be 
preserved. 


RETAINING MEDIA. 


The zinc oxyphosphate employed in the setting of crowns or bridges 
should possess the characteristics which would recommend the speci- 
mens to be used as filling material, and should be what is known as a 
hydraulic cement. It should, however, flow freely, and, as the diff- 
culty of maintaining dryness is increased, it should set promptly and 
yet with sufficient slowness to permit the accurate adaptation of the 
crowns. 


Fig. 667 


The operator should be familiar with the peculiarities of the par- 

ticular cement he is using, as specimens of the different makes and at 
times those of the same make, but of different batches of oxyphosphate, 
differ so markedly in their behavior, that it is unsafe to use them for 
this purpose without having first tested them. 
_ The value of a cement depends as much, perhaps, upon the manner 
in which it is mixed as upon the kind of cement which is used. The 
cement should always be thoroughly spatulated. A little of the powder 
should be first well worked into the liquid, a very little of it being dis- 
solved during the process. The powder is then added a little at a time, 
mixing it well until enough has been incorporated to give it the desired 
consistency and the whole mass is perfectly smooth and creamy. 
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The spatulas used should be strong and of ample size to do the work 
thoroughly. Fig. 666 shows a spatula suitable for single crowns or 
small bridges, but for large bridges, with several abutments, where a 
large mix is required, a spatula such as shown in Fig. 667 or one even 
larger, is indicated. In this case a large slab should be used. A piece 
of plate glass about 43 or five inches by 6 inches will answer nicely and 
is none too large. : 


SETTING CROWNS WITH ZINC OXYPHOSPHATE. 


It is advisable to set all pin crowns so that they can be removed with- 
out mutilating them, if at some future time it should be desirable to do 
so for the purpose of repairing them, or in case they should be needed 
as anchorages for a bridge. An excellent method of setting them so 
that they will be perfectly rigid and at the same time render them easily 
detachable, is first to give the pin and the inside of the band a coating 
of chloro-percha. A solution may not always be at hand, and a con- 
venient way to do this is to take a fine camel’s-hair brush, dip it in 
chloroform and then rub it on base-plate gutta-percha and paint the 
cap and pin. The solution will dry very quickly and the crown is then 
set with oxyphosphate of zine. If at any time it is desired to remove 
the crown, it can be easily done with a pair of heated forceps or pliers. 


Fia. 668 


The Cruttenden cement syringe (Fig. 668) is a most useful aid in 
cementing crowns or bridges, especially where several pin crowns, 


either single or as abutment pieces, are to be set at one time. It con- 


sists of a nickel-plated brass cylinder, with the needle or tube small 
enough to enter the enlarged canal, and a brass plunger. There is an 
opening in the side of the cylinder for the introduction of the cement. 
The root is thoroughly dried and the cement mixed to the consistence 
of thick cream and placed in the cylinder. The piston is then put in 


and the end of the needle carried to the end of the canal and the cement ~ 


forced into it, withdrawing the needle slowly at the same time. In this 
way, the apical extremity of the canal is filled first and any air which 
may be in it is forced out. A number of roots may be filled in this way 
in a few seconds and there will be ample time to put the crowns or 
bridge in place before the cement has set. 

As soon as the piece is in place, the syringe is plunged into a basin of 
cold water and the piston worked back and forth to free it from the 
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remaining cement while this is still soft. If the cement is too hard to be 
forced out it may be removed with the drill which comes for this pur- 
pose. } 


SETTING CROWNS WITH GUTTA-PERCHA. 


When gutta-percha is to be employed, it is necessary that the several ~ 


parts shall be at a temperature which will permit the ready, deliberate, 
and accurate adjustment of the crown and gutta-percha to the root. 

The crown is laid upon a gutta-percha heater. Dr. How’s steatite 
slab is useful for the purpose (Fig. 669), or in the absence of this appli- 
ance, it may be heated over a small alcohol flame. A piece of base- 
plate gutta-percha is also laid on the slab, or heated over the flame 
of the lamp, and when soft is pressed out between the fingers into a 
sheet, which is wrapped around the heated post. 


\ / 


Fig. 669 
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The canal is moistened so that the crown may easily be removed 
and the crown forced on to the root as far as possible. It is then 
removed and the surplus gutta-percha, which has been squeezed out 
around the edge of the band, is removed, after which the canal is again 
moistened and the crown heated and pressed into place. This is 
repeated until the crown goes up to its normal position. It is then 
removed and cleansed and dried with alcohol and a very slight excess 
of gutta-percha is placed around the end of the pin. A napkin or cotton 
roll is now placed in position to keep the field of operation dry and the 
canal is dried thoroughly with alcohol and then wiped out very lightly 
with one of the essential oils, preferably eucalyptus. The crown Is 
now again heated and forced up into place. Any excess of gutta- 
percha which may have been squeezed out over the margins of the 
crown is removed, and the work is completed. 
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CHAPTER XVI. 
BRIDGEWORK. 
By FREDERIC A. PEESO, D.D.S. 


A DENTAL bridge consists of a continuous masticating surface, or 
of a succession of crowns or pontics having incisal edges. As its name 
implies, it is a bridge proper, depending for its retention and support 
upon the natural teeth or roots in the mouth, which serve as abut- 
ments. ‘I'he success and the permanence of the device in this, as in the 
case of any other form of bridge, depends entirely upon the number, 
position and condition of the abutments. 

The primary object of bridgework has been, and is, to do away 
with the inconveniences associated with an artificial denture, and to 
give patients an appliance which through its firmness and immobility 
will enable them to perform the masticatory function more perfectly 
than can possibly be done with an artificial denture. 

The natural teeth or roots supporting a bridge are called the abut- 
ments, and the intervening portions are known as the body of the 
bridge. ‘The body of the bridge is made up of one or more pieces rep- 
resenting the different teeth. 

The idea of bridgework is not new. We find many traces, even 
among the ancients, of attempts to restore lost teeth. These early 
efforts were confined almost exclusively to fastening together with 
wire the crowns of natural teeth, and these in turn were bound to 
the remaining teeth in the mouth by wires. These restorations were 
entirely for esthetic purposes, and were of no practical value,to the 
wearer for mastication. | 

Modern bridgework is of comparatively recent date, and it is only 
within the past thirty or forty years that it has been put to really 
practical use, and today it is recognized as being an important specialty 
of the dental profession. There is no form of denture made which so 
nearly approaches Nature in the restoration of the normal function 
of the lost organs. 3 


CLASSIFICATION OF BRIDGES. 


Dental bridges are divided into two primary classes, fixed and 
removable. 

Fixed bridges are those which are attached to the abutments so 
that it is impossible for the patient to remove them, or even the dentist, 
without more or less mutilation of the abutment crowns. 

(,642 ) 
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‘Removable bridges are those which can be removed from the mouth 
by the patient for cleansing or other purposes, without interfering 
with or disturbing the stability or integrity of the appliance. 

The insertion of dental bridgework requires the mutilation of the 
teeth, serving as abutments, to a greater or less extent, and in many 
cases the pulp must be sacrificed. This was at first considered as one 
of the great objections to bridgework, but it was simply a case of 
sacrificing one for the good of many. If the work was properly done, 
it was found that this sacrifice was justified in the increased comfort 
and improved health of the patient. 

The value of bridgework is unquestionable. This value depends 
entirely upon the manner in which the work is done, and where it is 
used and not abused, there is nothing that can take its place. 

Bridgework is not universal in its application, and is not intended 
to do away with.all other forms of dentures, but it is unquestionable 
that in a large number of cases where partial dentures are being placed 
in the mouth, they are in reality an injury rather than a benefit to 
the patient, and bridgework is positively indicated and would render 
far greater service than is possible with the dentures which are given 
them. 


REQUISITES OF A DENTAL BRIDGE. 


The first requisite of a dental bridge is that it shall restore as nearly 
as possible the functions and appearance of the teeth which have been 
lost. Esthetic conditions are too frequently lost sight of in this work, 
but they are as important in this as in any prosthetic operation, and as 
much attention should be paid to esthetic effect as can be safely done 
without sacrificing the utility of the piece. 

The crowns or facings which are to be used should be carefully 
selected, with due regard to their proper sizes, shapes, texture and 
shades. The occlusal surfaces should be made so that they shall 
effectively perform the work of mastication, and at the same time 
with no undue strain on the abutments or occluding teeth. 

In fixed work, every portion of the bridge should be made with 
the idea of accessibility to the bristles of the toothbrush in cleansing, 
so that it may be kept as free as possible from foodstuffs and other 
débris. Spaces between the facings or crowns themselves, or between 
the body and the abutments in bridges restoring teeth in the poste- 
rior part of the mouth should be partially filled with gold and polished 
so as to offer as little lodgment for foreign substances as possible, and 
also to render it easier to remove any such substances which do find 
lodgment. Unnecessary exposure of gold is always to be avoided, and 
only in cases of extreme necessity in any bridge, placed anterior to 
the bicuspids, should gold be shown, and very rarely anterior to the 
molars. 

No absolute rule can be formulated as to the amount of strain which 
any single tooth will stand, as there are so many factors of vital import- 
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ance to be considered. The length and area of the roots of the teeth; 
their position in the arch, their relative positions to their antagonists 
all have an important bearing on this question. However, any one 
who does crown work and bridgework should have some understand- 
ing of the relative strength of the different teeth and approximately 
what might be expected of them under normal conditions and also as 
supports in carrying a bridge. 

In the upper jaw, the central incisors are stronger teeth than the 
laterals. The canines are heavier, stronger and are more firmly 
implanted than the bicuspids, or any of the anterior teeth and consti- 


tute the best abutments. The bicuspids form good anchorages if too 


much is not expected of them. The first and second molars are very 
strong and make good abutments, but the third molars are more uncer- 
tain and cannot be depended upon to the same extent as the first and 
second. ‘There are many times, however, when these teeth are excep- 
tionally well rooted, firm and strong and will do their share of the work 
in supporting a bridge; but they should be examined carefully before 
deciding to utilize them. One probable reason for their frequent failure 
to render satisfactory service is the fact that as they are situated so 
far back in the mouth and are consequently so difficult of access for 
preparing, this latter operation is not thoroughly done and the bridge 
fails. ‘The fact of their difficult accessibility should make the operator 
more careful and painstaking in their preparation. 

In the lower jaw, the lateral incisors are stronger than the centrals, 
which are the weakest teeth in the mouth; notwithstanding this fact, 
the centrals are frequently of great value as abutments in those cases in 
which the placing of a bridge would be impossible without their use, 
The relative strength of the other teeth in this jaw is about the same 
as in the corresponding teeth of the upper jaw. 

The form of the arch has a great deal to do with the carrying capacity 
of the teeth. A bridge which in one mouth would be of the utmost 
value to the patient, in another, with exactly the same anchorages, all 
in an equally good condition, but with the arch differently formed, 
might prove impractical or useless. 

By uniting or splinting together several teeth, as in a bridge piece, 
the movement of each tooth is modified or restrained, and by such 
fixation two natural teeth are frequently found to withstand success- 
fully more force than the sum of their individual resistances. As an 
illustration, observe a common condition in which a bridge is applied — 
a lower second bicuspid and a third molar serving as abutment teeth. 
If these teeth be healthy and have firm attachment, fixing to them a 
rigid bridge piece prevents the tendency toward antero-posterior dis- 
placement, one of the strongest elements tending toward their loss; 
they are held by the bridge so that the only possible movement is 


> lateral. 


If the lateral stress be correctly governed, such teeth may safely bear 
crowns upon their own roots, and support intervening crowns, filling 
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the space between them, for a longer period than were a bridge not 
applied. | 

The Strain on a Bridge Occluding with an Artificial Denture.— Whether 
a bridge is to occlude with natural teeth, or with artificial teeth on an 
artificial denture, may properly have a deciding influence when consid- 
ering its construction. 

If the bridge is to occlude with teeth on an artificial denture it can 
be made longer, and with weaker abutments than would be safe were 
it to occlude with natural teeth, as the force of mastication is far less 
where an artificial denture is worn than where the natural teeth are 
standing. 

Bridgework should be constructed upon sound mechanical principles. 
To be successful as a piece of engineering work, all designs are to be 
founded upon those principles. These fixtures are literally bridges, a 
continuous surface supported by rigid abutments, designed to bear 
safely the amount of stress it is calculated the piece will be subjected 
to. The calculations involve the strength of abutments, crowns, and 
body of the bridge. Violations of sound engineering principles are 
common in suggested devices. The students should examine carefully 
all proposed designs and select only those which are mechanically good. 

An engineer recognizes that the stability and permanence of his 
bridge depends primarily upon the strength and position of its abut- 
ments. If these be badly built or poorly sustained, the bridge fails; 
so that bases are selected and prepared, abutments built, with due 
regard for the weight they are to sustain, and the resistance they are to 
afford. | 

It is not possible for one to specify all of the situations for which 
bridgework is suitable, but there are some typical cases which are fre- 
quently presented that will be considered. No two cases are alike and 
each one should be studied by itself and a judgment formed according 
to the conditions existing in the individual case. We shall begin at the 
anterior part of the mouth. 

Where the two lateral incisors have been lost, the central roots may 
be safely trusted to support both lateral pontics, but it would not be 
reasonable to expect them to do more. Where the centrals are miss- 
ing, the lateral roots are usually sufficiently strong to carry a bridge 
restoring the former, but in the case of an exaggerated V-shaped arch, 
the leverage of such a bridge might cause sufficient strain on the roots 
to dislodge them. In either of these cases, it is best to get some addi- 
tional support in the way of a spur resting on the lingual side of the 
canines. A right central incisor and left lateral incisor will carry the 
left central and right lateral pontics and wce versa. (Fig. 670.) Where 
all of the incisors have been lost, if the arch is broad and the canines 
stand well apart, so that the teeth to be restored may be placed in 
nearly a straight line, a serviceable bridge may be made with a reason- 
able expectancy that it will last for many years. (Fig. 671.) 

Where the arch is very narrow or V-shaped and the canines are close 
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together, so that the incisors have to be placed in a marked curve out- 
ward, projecting far beyond the line of the abutments, it would be risk- 
ing a great deal to trust to the canines alone to carry such a bridge. 
(Fig. 672.) If the bridge is extended so as to take in the bicuspids, it 


Fie. 670 
will make a much stronger piece, as these two additional anchorages 
will render it more rigid, and the resistance of the broad masticating 
surfaces of the bicuspids will make it less liable to tilt upward in the 


front as shown in Fig. 673. These conditions obtain more especially 
in cases of fixed bridges. 


Brar67t Fig. 672 


It should be remembered that we cannot have too many supports, 
and that every additional abutment adds just so much to the chances 
of long life for the bridge. 


Fie. 673 


Another typical case is where the first bicuspid and first molar have © 


been lost, as in Fig. 674. In this case, ordinarily the second bicuspid 
and second molar would be sufficient as abutments, unless the bicuspid 


Fia. 674: 


had moved back toward the second molar, so as to leave a much greater 
space than could be filled by a single bicuspid pontic; in which event 
the cuspid should be used as an additional supporting abutment as 
the increased leverage of the pontics would be too great a strain on the 
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bicuspid abutment, Fig. 675. The same plan should be followed where 
the two bicuspids are missng and the two molars are used as abutments. 

Where a single bicuspid or a single molar is missing, as a rule there 
need be but a single retaining abutment, but the other end of the bridge 
should have a support, such as a spur resting in a filling or an inlay. 

Where the six anterior teeth are lost, it is perhaps as well to give up 
the thought of bridgework and to trust to a partial denture; however, 
under certain conditions a satisfactory removable bridge might be 
made for the case. 

To place a bridge from the canine to the first molar, or even to the 
second, is good practice, and at times it might even be extended to 
the third. The first or second bicuspid and the second or third molar 
will give good support. Where all of the molars are lost, they can only 
be restored with the removable type of bridge. 

In order to restore the full set of teeth in the upper jaw, there should 
be at least four good strong roots to serve as abutments, as for example, 
the two canines and a first or second molar on each side. Where the 
two central incisor roots are also in position, of course, they give greater 
strength to the piece and each additional root adds just so much to the 
chances of long life for the bridge. 

A larger bridge may be placed on the same number of roots in the 
lower jaw than in the upper, as, having gravity in its favor, the choice of 
a saddle piece is possible, which could not be thought of in the upper 
jaw. Of course, it must be made removable. 

Physiological Aspect.—The physiological aspect of bridgework, 
although belonging properly to works upon dental pathology, must 
form part of every treatise upon such a combination of surgery and 
mechanics as bridgework represents. It includes the consideration 
of all of the vital relations of the abutment teeth, the contiguous parts, 
and, it may be, of more general vital relations. Anything directly or 
indirectly bearing upon the subject of dental hygiene is an item for con- 
sideration in the pursuit of this work. 

Preparation of Abutments.—First and most important, any root or 
tooth which it is designed to make an abutment of a dental bridge 
should have such preliminary treatment as will bring it to a condition 
of health. The directions given as to the preparation of roots for the 
reception of artificial crowns apply with redoubled force when these 
roots are to be abutments. The same requirements as to perfect adap- 
tation of individual crowns also obtain when such pieces are to serve 
as the abutment crowns of bridges. The contact of every crown edge 
with its base should be perfect, and each crown should represent as 
carefully made and adjusted piece as were the same crown to stand 
alone. 


THE CONSTRUCTION OF BRIDGES. 


We shall now consider the making of a bridge and shall select as a 
common type, a skeleton bridge having two full gold crowns, or one 
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full gold crown and a Richmond crown as abutments and carrying one 
or more pontics. (Fig. 676.) The abutment pieces having been 
adjusted to their respective positions, the impression and articulation 
are taken and the cast prepared in the manner already described. 

In selecting the facings for the case, it is desirable to choose them of 
such length that when they are ground into place, the necks will just 
touch the gum lightly and the occlusal edges will be in contact with 
the antagonizing teeth. (Fig. 677.) They are ground to follow the 
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gum line and should not be in actual contact with each other. After 
they have been ground into place, a wall of plaster is built up on the 
buccal side of the cast to retain them in position. (Fig. 677.) After 
the plaster has hardened, the facings are removed, and their occlusal 
ends ground off about 35 inch and at an angle of about 45 degrees with 
the back of the facing. (Fig. 678.) The line of their occlusal ends should 
be continuous, that is, the bevel of one facing should not be higher than 
another. The facings are then to be backed and for this purpose, 


Fic. 678 


thin platinum, or pure gold may be used. The gold will have a ten- 
dency to lighten the color of the facing and give it a slightly yellower 
cast, while the platinum will tend to darken it and impart a bluish tint. 
If the backing is of platinum, it may be very thin, about +)%;> inch. 
It should extend from the inner edge of the bevel at the occlusal end 
to and about 3g inch over the lower edge where it has been ground to 
fit the gum. The backing of each facing should touch, or slightly 
overlap, that of the one next adjoining and those of the end facings 
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should be in contact with the abutment crowns. The pins are flattened 
with a pair of pin-roughening pliers, and are bent down over the back- 
ing, thus pressing it close to the facing. (Fig. 679.) The facings are 
then waxed together and to the abutment crowns with hard adhesive 
wax, a piece of oiled paper being placed underneath on the surface of the 
cast to prevent their attachment to it. The wax should be built up 
high enough to support the cusps for the pontics. Suitable solid cusps 
are then made, ground or filed to fit the bevel of the facings, and fast- 
ened in place with adhesive wax. (Fig. 680.) | 


Fra. 680 | Fic. 681 


The bridge is now ready for investing and soldering. It 1s taken 
from the model, the inner cap being removed also if it be a removable 
bridge, and the inside of the abutment pieces filled with the investing 
material and the whole bridge partly imbedded in it with the facings 
down. ‘The investment should come over the backings which extend 
beyond the lower angle of the facings, holding them in place and pre- 
venting their springing up, and nearly to the lingual edge of the cusp 
(Fig. 681). and should be small; only large enough to hold the parts 
together. The abutment crowns are partly covered to protect them 
from the flame. 
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In grinding the facings for the pontics for any of the six anterior 
teeth, they should be made to set closely to the model and, after they are 
properly fitted, a wall of plaster is made on the labial side. The facings 
are then backed, the backings extending over the beveled portion at 
the neck and about }; inch beyond the incisal edge (Fig. 682), and 
the pins flattened and bent toward this edge close to the backing. In 
investing, the investment should cover the extending portion of the 
backing to prevent its warping. (Fig. 683.) 

Bridges of three or four teeth may be soldered in one piece, but large 
cases should be soldered in sections. This is because the contraction 
of large masses of solder when the piece cools has the effect of disturb- 
ing the relation of the abutment pieces, and the bridge in consequence 
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has its fit impaired. A full bridge of twelve to fourteen teeth should 
be soldered in three or four sections. If in three, the incisors may be 
soldered in one piece, and the sides from the canines back separately. 
If in four sections, the central, lateral and canine of each side separately 
and then the side bridges. ‘The different sections are finished and 
polished except where they are to be united. They are then replaced 
on the model, waxed together with adhesive wax and a strong iron or 
brass wire bent to conform to the lingual side of the bridge and waxed 
firmly to the different parts. This will hold them firmly in their proper 


relative positions and prevent them from springing while being removed » 


from the model and invested. The bridge is then invested, the divisions 
between the several sections being freely exposed and the parts united 
with the same, or a slightly lower carat solder than has been used in 
the previous soldering. When the investment has cooled, the bridge 
is removed, pickled in dilute sulphuric acid and finished. 

Selection of Facings.—In choosing the facings or crowns for a bridge, 
or in fact for any form of partial denture, the greatest care should be 
used to select those of proper mold and shade. If it is impossible to 
get a crown or a facing to match exactly the shade of the natural teeth, 
it is better that it should be slightly darker rather than lighter than 
these. Ifa crown is the least bit too light in color it is conspicuous and 
is the first thing seen when the patient opens the mouth, while if it is 
but slightly darker than the neighboring teeth, it is not so noticeable. 

In restoring the six anterior teeth, the facings should never be bought 
in sets as put up by the manufacturers. In the human mouth, these 
teeth are never all of the same shade. The central incisors have gen- 
erally a yellowish cast. The laterals are of the same general shade, but 
are clearer at the tip with a slightly bluish tint, while the canines are 
the yellowest teeth in the mouth anterior to the molars. If the facings 
restoring these teeth are all of one color, they will never present a 
natural appearance, since their uniformity will at once advertise their 
artificial nature. They should be selected in pairs, the centrals, laterals 
and canines, each from a different set in accordance with the natural 
shading of these teeth. 

As we go farther back in the mouth, we find the bicuspids more on 
the order of the laterals, clear at the tips with a bluish cast, while the 
molars are yellow. In selecting these teeth, the bicuspids, especially 
the first, should be matched as nearly as possible. With the molars 
there is not the same necessity of being so exact. They should be of 
the same general shade and may be darker than the natural teeth, 
but blend well, but certainly not lighter. 

The shape of the teeth should be studied carefully and the form 
of those lost should be copied as nearly as possible by their substitutes. 
In replacing the teeth on one side of the mouth, a careful impression of 
the natural crowns on the opposite side should be taken and a model 
prepared so that it will be possible to accurately reproduce them, A 
flat facing should never be used to restore a tooth which had a rounded 
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face. (Figs. 684 to 687.) The remaining natural teeth will here again 
serve as an index for the form of the selected facings. 
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Occlusion.—In addition to its other requirements, the articulation 
of a bridge piece must be as nearly perfect as it is possible to make it. 
A bridge which is properly articulated will not only be more effective 
than one faulty in this regard, but its use will be attended with less 
liability of loosening or injuring the abutments. 

A large percentage of the cases of bridgework are for the posterior 
part of the mouth and the dentist 1s most frequently called upon to 
restore lost molars and bicuspids. Where these teeth, in either Jaw, 
have been lost for any length of time their antagonists in the opposite 
jaw are sure to have become elongated to a greater or less extent (Fig. 
688), and if no measure is undertaken to prevent it they will eventually 
_ be exfoliated. The normal line of occlusion must be restored in a case 
of this description, if a satisfactory denture is to be made to replace 
the lost teeth, whether it be a partial denture or a bridge. Ifa bridge is 
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constructed without doing this, it can be never so serviceable to the 
patient as where the occlusion has been made normal. The triturating 
motion so necessary for the perfect performance of the masticatory 
function, is interfered with or prevented altogether, the only move- 
ments possible being the opening and closing of the jaws in which the 
food may be pressed or crushed, but not ground. The moment the 
mandible is thrust the least bit forward, the jaws are thrown apart and 
the only point of contact is the distal cusp of the elongated molar with 
the mesial cusp of the lower molar opposite. (Fig. 689.) Where this 
elongation of the teeth has taken place, the cusps must be ground away 
to the normal line of occlusion and the teeth carved so as to reproduce 
as nearly as possible the original cusps. If they have become very 
much elongated, it may be necessary to devitalize the pulps and crown 
them, or to restore their masticating surfaces by building up with gold. 
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EXTENSION BRIDGES. 


In a very large majority of the smaller extension bridges which are 
made, where the whole or a portion of the body of the bridge extends 
beyond the single abutment, as in Figs 690 and 691, the entire principle 
is faulty and the whole piece a mechanical impossibility. Notwith- 
standing this, pieces of this description are placed in mouths to the 
detriment of the patients. Sooner or later the abutments to which 
these pieces are anchored are sure to be forced out of their normal 
position and frequently are lost. In the anterior part of the mouth; 
where an appliance, such as shown in Fig. 691 has been inserted, the 
rotation and consequent loosening of the root is inevitable. 


Fig. 690 Fic. 691 Fig. 692 


In Fig. 692, where a pontic having an occlusal surface is attached 
to a single abutment there is not only a strong lateral strain which 
will give a constant twisting motion to the root, but there is also a 


direct force which is being continually exerted, gradually tilting — 


the abutment and forcing the pontic into the tissues (Fig. 692) with 
the resultant loss of occlusion and the eventual loss of the root to 
which the bridge is attached. 

One inflexible rule applies in all of these cases and that is that there 
must always be a support at each end of a bridge and never under any 
consideration should a single point of attachment be depended upon to 
carry a pontic. 7 
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A small spur of platinized gold or iridio-platinum, attached to the 
lingual side of the pontic, and resting in a small gold filling or inlay 
on the lingual side of an adjoining tooth, as shown in Fig. 693, will 
entirely overcome the possibility of rotation, and will make the plece 
a permanent fixture rather than a temporary one. 

A spur resting in the lingual side of the cuspid or in a filling or inlay 
in the fissure of a molar or bicuspid (Fig. 694), will effectually prevent 
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future trouble and render a piece serviceable which would otherwise 
be worthless. 

Extension Bridges with Saddles.— Extension bridges, in which saddles, 
resting on the ridge, are employed as an additional support, should 
never be used in fixed bridges, as it is impossible to properly cleanse an 
appliance of this kind. Irritation and inflammation are sure to ensue, 
and its use will sooner or-later result in the loss of the abutment teeth, 
if not in troubles of a more serious nature. 


ATTACHMENTS FOR REMOVABLE BRIDGEWORK. 


Retaining and Supporting Abutments.—There are two classes of 
abutments in both fixed and removable bridgework, and these are 
known respectively as retaining abutments, and supporting abutments. 

By a retaining abutment is meant an abutment which not only 
gives support to the bridge, but also retains it in its proper position 
in the mouth, as in the case of a Richmond crown, shell crown, telescope 
crown and others of a similar character. 

A supporting abutment is one which gives support to the. bridge, 
but has nothing to do with its retention. An example of an abutment 
of this kind would be where a spur is resting in a gold filling or in an 
inlay in an adjoining tooth, and serving simply to prevent any lateral 
movement and to resist the force of occlusion. 


RETAINING ABUTMENTS FOR REMOVABLE BRIDGEWORK. 


Of the different styles of abutments which may be utilized in remov- 
able bridgework, the telescope crown is probably the one most fre- 
quently indicated. The telescope crown should not be confounded 
with the shell crown. The shell,.or full gold crown simply covers the 
tooth or root and is used as a single crown, or as an abutment in fixed 
bridgework. In the telescope crown, there are two caps, one tele- 
scoping and fitting into the other as exactly as the tubes or slides of a 
telescope, the inner cap of which is cemented to the tooth serving as an 
abutment. This crown is only used in removable bridgework. It is 
indicated for molars and bicuspids where a full gold crown can be used, 
but should never be employed in the front of the mouth. The tooth for 
the reception of a telescope crown should be prepared in exactly the 
same way as for a full gold crown, with the exception that a little more 
of the tooth structure should be ground away from the occlusal surface. 
The sides should be trimmed so that the tooth is very slightly conical, 
its greatest circumference being about 7 inch below the gum line. 

It is not necessary that the abutments should be absolutely parallel, 
but they must be very nearly so. Advantage may be taken of the 
natural inclination of the teeth. If they are diverging, they may be 
ground so that when the bridge is put in place, the teeth will be drawn 
together slightly and spring back as it is pressed home. If the teeth 
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converge they will be forced a little apart. This slight natural spring 
of the teeth will assist in holding the bridge firmly in place, but it must 
be very slight, otherwise the removal and replacing of the bridge would 
have a tendency to loosen the roots. 

The telescope crown should be made of coin gold, or some very hard 
alloy of that metal. The regular 22-carat plate as purchased at the 
dental depots is too soft to withstand the strain and wear to which 
it will be subjected. If the telescope crown be accurately made of a 
rigid material like coin gold, there will be practically no wear on it, 
even after years of-use. The fluids of the mouth seem to form a coating 
which prevents the actual contact of the metal in the two caps, how- 
ever closely they may fit, but if the material of which the bands are 
made be so soft as to allow them to stretch in the slightest degree, this 
would render the piece worthless in a comparatively short time. 


Fig. 696 Fic. 697 


The band of coin gold No. 30 gauge is cut on an angle as shown in 
Fig. 695, beveled and sweated together. (Fig. 696.) It is made to con- 
form to the tooth, the sides being nearly parallel, or slightly diverging 
toward the neck, and it is festooned to follow the gum line so that it 
will go an equal distance under the free margin of the gum all around. 
It is then cut off even with the top of the root; the extreme occlusal 
edge of the band turned in slightly (Fig. 697) and filed perfectly flat 
and a floor of No. 28 coin gold is sweated to it. In sweating the floor 
to the band, the former is first flattened so that there will be close con- 
tact between it and the band all around. It is then fluxed on the 
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inside and held by one corner in a pair of finely pointed pliers over a 
Bunsen flame until the parts are united. The surplus gold of the floor 
is then trimmed away, the edges at the occlusal end slightly rounded 


and the sides of the cap pol- 
ished. We now have what 
is practically a seamless 
crown and are ready to make 
the outer cap. As a first 
step, the inside of the cap is 
given a very thin coating of 
melted wax to prevent its 
union with the fusible metal 
which is to be poured in it. 
It is then pushed into a 
paper tube, which can be 
made by rolling a piece of 
paper around a lead pencil 
or stick of suitable size, held 
together with a small gum 
elastic band, and the cap 
and the tube filled with 
fusible metal. (Fig. 698.) 
This renders the cap per- 
fectly solid so that it is im- 
possible to crush it. A 
new measurement is taken 
at about the middle of the 
cap and the gold for the 
outer band is cut a little 
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shorter than the measurement and slightly tapering, so that the 
band will be a little larger toward the neck, and its ends sweated 


together. 
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It is festooned to follow the lower edge of the inner cap and forcibly 
driven over it to within about #5 inch of this edge. (Fig. 699.) 

The band is then cut just a little above the floor of the inner cap and 
pressed in all around the edge so that it fits closely at the point (Fig. 
700), after which it is filed flush with the floor of the inner cap. It is 
then removed and a floor of No. 30 coin gold is sweated to it. The 
extending edges of the floor are then trimmed flush with the sides of 
the band and it is ready for the contour. 

This is made by building it on the outside of the band. A piece of 
No. 28 coin gold is cut, its width being about the same as the width of 
the outer band and its length about twice the diameter of the cap. 
(Fig. 701.) The lower edge of this is then bent slightly inward, as it Is 


desirable that the solder used should not unite the piece all the way — 
up the band, but should catch it only at the extreme edge as in Fig. 702. — 


The contour piece is then placed on the band, the lower edge coming 
only about #5 inch from the lower edge of the band, fluxed and soldered 


Fie. 700 Fie. 703 


with a very small piece of 22-carat solder (Fig. 703), using the small 
blue point of the blowpipe flame. It is then cleansed in acid and another 
piece attached to the opposite side in the same manner. These contour 
pieces are always attached to the mesial and distal sides of the cap. 
The cap with the wings attached is placed on the inner cap and the 
wings thrown out to the desired angle, and the ends turned in at the 
buccal and lingual sides so as to give a natural contour to the crown. 
(Figs. 704, 705 and 706.) The crown is then well fluxed between the 
contour pieces and the band and along the edges of the wings, and the 
whole soldered with 22-carat solder, partly filling the space between 
the wings and the band. 

This is done by laying the crown on a charcoal block and placing 
the pieces of solder on the buccal arid lingual sides between the ends of 
the two plates (Fig. 707), and drawing it down on each side with the 
small flame of the blowpipe. The surplus gold of the contour wings is 
then cut away and the contour filed flush with the floor of the cap. 
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Fig. 705 Fic. 706 


Fig. 704 


Fig. 708 


Fie. 709 
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A suitable cusp is then made, and its under surface filed flat to fit the 
top of the cap. The cusp and cap are then fluxed, wired together and 
soldered with 20-carat solder, laying the crown on its side on a charcoal 
block, the piece of solder on the band in contact with the cusp, and 
soldering with the small flame of the blowpipe. (Figs. 708 and 709.) 

‘Where the teeth are short or where there is to be but one retaining 
abutment, a combination of the telescope cap with a tube and split pin 
forms a most excellent attachment. The inner band is made as for the 
regular telescope crown. A hole is then made in its floor and a tube set 
in, resting on the floor of the pulp chamber and waxed firmly in place. 
(Fig. 710.) In adjusting the tube, care must be used to have its long 
axis exactly parallel with the sides of the band. The cap is then filled 
with investment material and the tube soldered in place with 20-carat 
solder. The tube is now cut off flush with the floor of the 
cap and the cap polished. The inside of the cap is now 
coated very thinly with wax and it is filled with fusible 
metal as already described. 

The outer band is made and contoured exactly the same 
as for a regular telescope crown, the top filed perfectly flat, 
and a floor of No. 30 coin gold sweated to it. 

The position of the opening of the tube is ascertained 
by placing the outer cap in position on the inner cap and 
with a soft pine stick and hammer tapping the floor directly 
over the mouth of the tube. (Fig. 711.) 

When the outer cap is removed, the outline of the hole 
will be clearly defined on the inner side of the floor and 
may be punched or drilled to the proper size for the 
reception of the pin. The split pin is then made to fit 


Fig, 711 


the tube easily but not loosely, but should fit the hole in the floor 
of the outer cap tightly and be fastened to it with hard wax while 
the parts are in position. The cap is then removed, filled with invest- 
ment material and the pin soldered to the floor with a very small piece 
of 22-carat solder. (Fig. 712.) The surplus pin is cut away nearly 
to the floor of the cap. The cusp is then selected, the under surface 
filed flat and a hole drilled through it to receive the part of the pin which 
projects above the floor of the cap. (Fig. 713.) They are then wired 
together, invested and soldered, feeding the solder through the hole 
in the cusp and drawing it all around the cusp until the cusp and cap 
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are thoroughly united. (Fig. 714.) This attachment is especially 
useful in molars or bicuspids where the crowns are very short. 
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Inlay Abutments for Anterior Teeth.—In making inlays for the canines 
or central incisors, the lingual surface is cut away on the side to which 
the bridge is to be attached and about two-thirds the distance across 
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the crown, cutting down to, or near the gingival margin to give sufh- 
cient bulk to the inlay to insure adequate support for the bridge. (Figs. 
715 and 716.) 
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The edges of the cavity are beveled so that the gold will overlap a 
little and give increased strength to the attachment and also to rein- 
force the crown of the tooth. The canal is enlarged about one-third 
the length of the root so that it will take a No. 4 or a No. 5 tube. 

The cavity is then moistened and the tube, with the mandrel in it, is 
inserted. The tube is then pressed lingually as in Fig. 717 and hot wax 
is flowed into the cavity from a spatula so that it will pass 
around and become well attached to the tube. Itis pressed 
well to the margins and carved to reproduce the natural 
contour of the tooth. It is then removed and the mandrel 
removed from the tube by grasping it in a pin-vise (Fig. 
718), and pushing against the end of the tube with a 
knife or a sharp-edged instrument and the sprue-former 
attached a little to one side of the tube. (Fig. 719.) 

The lower end of the tube is gripped in the pin-vise and 


be forced into it when the inlay is cast. 
Oe It is then flasked and cast in a very hot flask, so that the 
ww gold will be well attached to the tube. Pure gold is pre- 
Fic. 717. ferred for these inlays, as it can be burnished to the margins 
of the cavity better than an alloy. After it has been 
removed, it is placed in hydrofluoric acid for a time and then washed 
and dried. 
The surplus tubing is now cut away and the inlay placed in the tooth 
and ground so that it just clears the occluding teeth, when it is removed 
and prepared for the second inlay. 
The cavity is shaped the same as for the first inlay, allowing a suffi- 
cient margin of gold all around to give strength to the attachment. 
(Fig. 720.) 


Fig. 718 Fic. 719 Fic. 720 


The entrance to the tube is countersunk and rounded, and the inlay 
is polished so that there will be no sharp edge to scrape the plaster when 
the impression is taken. It is now placed in the tooth and the impres- 
sion and bite taken. When the plaster has hardened, it is removed 
from the mouth and the inlay is replaced in the impression very care- 
fully so that it goes exactly in place. It is fastened firmly at two or 
three points with a little sticky wax and a thin film of pink paraffin and 
wax is placed around the tube. 

The impression is then varnished and the inlay coated very lightly 
with cocoa butter and the model made and articulated the same as for 


the tube is packed with asbestos paper so that no gold can . 
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an ordinary bridge. Then, the inlay is removed by heating it slightly 
and the model is thoroughly dried out and hardened by soaking with 
thin sandarac varnish and drying again. 

The next step is the fitting of the split pin. It is made as described 
later except that it is about twice the length of the tube and the line of 
contact is much longer (Fig. 721), so that the point of union where the 
pin has been soldered will come just below the entrance to the tube. 


Fie. 721 


It is carefully fitted to the tube and marked just at the entrance 
from the floor. (Fig. 722.) It is then removed and annealed and the 
closed end grasped in the pin-vise just a little above the mark showing 
the depth of the tube and bent with pliers or by pressing it against the 
edge of the bench. (Fig. 723.) It should be bent in the direction of 
the split and the end filed open, filing in the same direction and round- 
ing it nicely. The second inlay can be made by casting or making a 
matrix and filling with gold. 


BIG 47 o> PIG. 723 


In using the casting method, the cavity is lightly wiped with cocoa 
butter, the pin put in place and a little hot inlay wax poured from the 
spatula around the pin and over the floor of the cavity; more wax, not 
so hot, is added and packed in tightly until it is cool. The sprue-former 
is now attached and the wax inlay with the pin is removed and cast 
with coin gold in a hot flask. This makes a good inlay, but it 1s not apt 
to be as smooth and well-fitting as one made with a matrix. 

With the latter method, the inlay with tube is embedded in a small 
piece of hard modeling composition and after it has been chilled, a 
matrix of pure gold, about 36-gauge is carefully burnished into it, let- 
ting it extend over the margins. It is annealed repeatedly and when 
it fits nicely, a hole is made in the base, over the entrance to the tube. 
The split pin is then put in place and the matrix is filled with hot sticky 
wax, which is allowed to cool and then pressed in tightly, using con- 
siderable pressure and forcing it closely against the floor and margins. 
It is then removed and invested as shown in Fig. 724. It is now heated 
up to a red heat and a little button of coin gold large enough to fill it 
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is placed on the pin and melted into the matrix. It is then cleaned, 
placed in the first inlay and finished. In finishing, the grinding should 
always be from center toward the margins as shown in Fig. 725. If 
it were ground from the outside toward the center, it would burnish the 
gold of the outer inlay over the margins of the inner inlay so that it 
would be very difficult to separate them. The bridgeis then constructed 
and the extending pin and sideof theinlay waxed firmly toit. The whole 
piece is then chilled and the outer inlay removed. Before investing, 
the exposed surfaces of the inlay are coated with whiting to prevent 
the solder from flowing over the margin and destroying the fit. 


Fie. 725 


Inlay Attachments for Molars.—These attachments for molars are 
made in exactly the same way as for the anterior teeth. The cavity is 
cut out of the occlusal surface about one-half the length of the crown 
and on the mesial side down to or near the gingival margin. (Figs. 
726 and 727.). The tube should go to the floor of the pulp chamber or, 
if the crown is short, a little distance down the mesial root, as shown in 
Fig. 728, where a combination of a telescope crown and a tube and split 
pin is to be used. The cavity must be non-retentive and moist. The 
tube is put in place and the cavity filled with inlay wax and the wax 
roughly carved. It is then removed, the tube filled with asbestos 
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paper, the sprue-former attached and it is flasked and cast, after which 
it is placed in the mouth and articulated. It is then removed and the 
cavity for the second inlay made and polished. This cavity should be 
shaped something like a keyhole. It is now replaced in the tooth and 
the impression and bite taken and the model prepared. From this on, 
the work is done as already described in making the inlays for the 
anterior teeth. 

In small bridges where great strength is not required, the second 
inlay is not necessary. The first inlay is made just the same as though 
a second inlay were intended. A groove is made the size and depth of 
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the inside diameter of the tube, extending from the tube through the 
side of the inlay approximating the bridge. This groove is polished 
and the entrance to the tube rounded. The split pin is then made, 
and bent so that it lies in the bottom of the groove and the extending 
surplus is soldered into the bridge. If this attachment is carefully and 
accurately made, it is practically as good as the double inlay unless 
subjected to a very great strain. 
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In the absence of facilities for casting, the inlay abutment can be 
made as follows: The cavity is prepared as before described and the 
canal opened to receive a No. 4 or No. 5 tube. A matrix of pure gold 
of No. 34 or 36 gauge is then burnished into the cavity, annealing it 
frequently to insure a perfect fit, letting it extend a little beyond the 
margins. (Fig. 729.) A hole is then made to allow for the introduction 
of the tube into the enlarged canal, The matrix and tube are then 
placed in position, and hard sticky wax is run into the matrix and 
around the tube and is packed tightly against the margins. (Fig. 729.) 
It is then removed, the tube filled with asbestos paper, invested and 
filled with coin gold (Fig. 730). If platinum foil is used for the matrix, 
it can be filled with pure gold. It is now shaped for the second inlay 
which is made as already described. 

Another form of anchorage which has given great satisfaction is the 
inlay attachment. In this type of abutment the natural crown of the 
tooth is preserved and it is especially applicable to pulpless canines, 
upper central incisors and molars. 

Another style of abutment, especially adapted to bicuspids and 
molars having long crowns, is the dovetailed key and shoe attachment. 
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The key is made of iridio-platinum or platinized gold and filed 
smooth to form a dovetail as in Fig. 731, Aand B.A strip of platinum 
No. 32 gauge is bent to fit the sides of the key perfectly and filed off 
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even with the face or broad side of the key, and a floor of the same 


metal fitted to it and soldered with a little pure gold. (Fig. 732, A. 


and B.) 

In using this form of abutment the side of the crown to which the key 
is to be attached should be straight from the gum line to the top of the 
cusp, and should be reinforced with a piece of No. 28 gauge coin gold 
soldered across the whole face of the crown. (Figs. 733 and 734.) 


Fig. 734 Fig. 735 


The key is then put in place, a hole drilled through it and the side of 
the band, and it is fastened with a small platinum rivet, such as a tooth 
pin (Fig. 735, A and B), the under surface of the key, if made of iridio- 
platinum, having first been covered with pure gold, as the union 
between iridio-platinum and the solder is not strong. It is then soldered 
to the cap, using very little solder. (Fig. 736.) The female part of 
the attachment, or shoe, is then slipped over the key and a thin piece of 


a 


platinum cut out to slip down over the key next to the crown and this - 


is burnished closely to it. (Fig. 737.) It is then waxed to the shoe, 
removed, invested, and covered with pure or coin gold (Fig. 738), 
after which it is trimmed to its proper dimensions, replaced on the 
crown, the facings ground in, and the bridge constructed. (Fig. 739.) 
If a saddle is to be used, it is first waxed carefully to the shoe, removed 
and soldered, after which it is replaced on the model and the bridge 
constructed as before. 
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This form of attachment can be used on vital teeth where there is a 


large cavity available. The face of the inlay is made straight, the same 
as the face of a crown to which a key is to be attached. The key is 
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soldered to it and the shoe fitted and connected to the bridge as 
described above. 

For attachments for any of the anterior teeth or for bicuspids, where 
the teeth are to be cut to or below the gum line, the cap with the tube 
and split pin will be found to be most generally useful. 


Fic. 740 Fig. 741 


The root is left standing about 7g inch out of the gum, the band 
made and fitted in the same way as for a Richmond crown, being car- 
ried about #5 inch under the gum (Fig. 740), after which it is removed 
and the root cut down just below the gum line on the labial side, but 
not so low as for a Richmond crown, and leaving it high on the palatal 
or lingual side. For doing this, the Ottolengui root facers (Fig. 741), 
are best adapted as they will take the root down quickly and evenly 
and with less mutilation of the gum tissue and consequently less pain 
to the patient. 


Fie. 742 Fig. 743 Fic. 744 


The band is then cut flush with the top of the root and the floor of 
coin gold 28 gauge sweated or soldered to it. (Fig. 742.) 
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In enlarging the canal of a root to receive either a pin or tube, spear- 
pointed drills or instruments which cut on the end should never be 
used, as there is danger of perforating the side of the root. 

The canal is first opened with broaches, these are followed by Gates- 
Glidden drills, beginning with the small and working up to the ones 
and enlarging the canal to within about % to ¢ inch from the apex. 
These are followed by the reamers designed by the author which are 
made in sizes to correspond to the size of the tubes or pins which are 
to be used. (Fig. 743.) Both these and the Gates-Glidden drills have 
smooth guide points which will follow a canal, but will not cut on the 


end, and there is very little danger of perforating a root in using them. 


The canal having been enlarged to the proper size, a hole is made in 
the floor of the cap a third larger than the tube and it is placed on the 
root, the tube adjusted and waxed to it with sticky wax. (Fig. 744.) 
It is then removed with the cap, invested and soldered the same as a 
pin in a Richmond crown. 

After it is soldered, the tube is cut off flush with the floor of the cap, 
the entrance to the tube is countersunk a little so that the split pin will 
enter readily, and the cap polished, care being used not to round the 
corners. (Fig. 745.) 


Fie. 745 Fia. 746 os Fig. 747 


The cap is then placed on the root and the impression taken and cast 
made. The subsequent steps are done on the cast. : 


The floor of the outer cap is made of No. 28 coin gold, a hole being 


drilled through a piece of proper size for the case-so that the pin, which 
has been previously fitted to the tube, will fit tightly. They are then 
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Fig. 748 


placed in position on the inner cap (Figs. 746 and 747), waxed together, 
removed, invested and soldered with a very small piece of 22-carat 
solder. (Fig. 748.) The pin and floor are then cleansed in acid, replaced 
on the inner cap and the floor trimmed flush with it all round. (Fig. 
749.) 

The half band is of No. 28 coin gold and should extend about half way 
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to the buccal side of the floor as in (Fig. 750). It should extend only 
to the gum line on the lingual side and should not go below it. It is 
then waxed to the outer floor, removed, invested and soldered, using a 
very little 22-carat solder (Figs. 751 and 752), after which the lower 
edge of the half band is trimmed to follow the gum line and it is ready 
for the impression. (Fig. 753.) 


Fig. 751 Fig. 752 iG a .o5 


Another way of making a tube and split pin attachment which 
is especially useful in cases where the roots stand at such an angle that 
it is not possible to insert the tubes to a sufficient depth and have them 
parallel, is to have the split pin attached to the lower or inner cap and 
the tube embedded in the bridge. Take for example two canine roots 
in the lower jaw, standing as represented in Fig. 754. 
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Fig. 754 Fig. 755 


In a case of this description, the roots are prepared in the same way 
as when they standin a normal position, with thé exception that the 
mesial or approximal angle is cut away, in order that the bands may be 
adjusted with their sides nearly parallel to each other. (Fig. 755.) 


Fig. 756 | Fie. 757 


The bands are then fitted, the roots cut down, the canals enlarged to 
receive a strong pin, and a plaster impression taken with the bands and 
pins in position as in Fig. 756. A cast is then made, the bands cut 
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flush with the top of the root and the floor of No. 28 gauge coin gold is 
sweated to them. An opening is then made through the floor to fit 
the pins tightly and the pins are bent just beneath the floor so that when 
they pass through they will be parallel with each other. (Fig. 757.) 
The pin and floor are then waxed together, invested and soldered from 
the under side. (Fig. 758.) 


Fig. 758 Fig. 759 Fic. 760 Fig. 761 


In making the outer cap, the floor of No. 28 gauge coin gold is drilled 
so as to fit the pin easily but not loosely. It is then cut flush with the 
sides of the inner cap and the half band made and soldered to it (Fig. 
759), after which it is replaced on the inner cap. The tube is next 
placed over the pin and is made to set down closely on the floor all 
around and is waxed to it with hard tough wax. It is then removed, 
a little investing material carried into the tube and a small iron wire 
inserted, letting it extend about 4 inch below the floor. (Fig. 760.) 
This will hold the tube in position and is embedded in the investment, 
the tube being soldered to the floor with 22-carat solder. (Fig. 761.) 
The facing is then ground to the floor of this cap (Fig. 762), and when 
the bridge is invested for soldering, a small iron wire is inserted in the 
investment to prevent the tube from shifting, the same as when attach- 
ing it to the floor. When soldered, the tube is embedded in the solder 
in the lingual side of the crowns. (Fig. 763.) 


Fig. 762 Fig. 763 


The abutments which have been described are all known as retain- 
ing abutments. By retaining abutment is meant one which holds the 
bridge firmly in place in the mouth, preventing its shifting or dropping 
out, such as a telescope cap, tube and split pin, ete. 

A supporting abutment is one which supports one end of a bridge, 
but has nothing to do with retaining the piece in the mouth. A coun- 
tersunk gold filling or inlay in which-a spur rests is an example of this 
latter style. 

_ Countersunk Supporting Abutments.—A hooked spur resting in a gold 
inlay or a countersunk gold filling forms a most excellent support-for 
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one end of a bridge. This is especially the case in the lower jaw, where 
it will safely support a bridge of two or three, or even more teeth with 
but a single retaining abutment. In the upper Jaw, with a crown 
carrying a single pontic, the other end may be supported by the spur 
and inlay or filling, and it is often useful in furnishing additional sup- 
port for a larger bridge with more than one retaining abutment. 

If any of the six anterior teeth are to be utilized as a support, the 
spur should come on the lingual side. A notch or a groove is made 
where the point of the spur is to rest. The supporting abutment cap 
or caps are put in place and the impression and bite taken and the 
model prepared. The bridge is constructed in the usual way. A 
cavity is made in the plaster tooth where the notch or groove indicates 
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the cavity in the tooth is to be. The spur is made of round platinized 
gold wire of about 14 gauge and is bent in the form of a hook and a. 
second bend, if necessary, to pass into the wax. (Fig. 764.) It is then 
placed in the anvil and flattened a little with a hammer. This makes 
it a little thinner sidewise but deeper vertically, thereby rendering it 
stronger. It is then shaped with a file or small stones about as Fig. 765 
and waxed into the end of the bridge, as in Fig. 766, invested, soldered 
and finished. In the case of a spur resting ona molar where greater 
strength is required, and where a larger inlay is possible, a dovetail 
spur may be used (Fig. 767). When the bridge is completed, it is tried 
in the mouth and then removed and the cavity made in the tooth, 
clearing the spur underneath and all around leaving a good margin. 


Fic. 766 . Fic. 767 


If it is a fixed bridge, the cavity is filled with mlay wax and properly 
trimmed. The spur of the bridge is then covered lightly with cocoa 
butter and the bridge warmed a little, put in position and the patient 
instructed to close the mouth thus forcing the bridge in place and 
pressing the spur into the wax inlay. 

The bridge is then removed, the excess wax trimmed away and the 
bridge replaced. This is repeated several times until everything is as 
it should be, and then the inlay is flasked and cast and after it has been 
cleansed, it is tried in the mouth and then cemented. After the cement 
has hardened, any finishing touches needed are given to the inlay and 
the bridge placed in the mouth. If everything is all right, the bridge is 
removed and cemented in place, 
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If the bridge is removable, the cavity is made as described above, 
and the bridge put in place and worn for a few hours, say from one 
day to the next. When the patient returns, the bridge is removed and 
thoroughly cleansed and dried. The inner cap is then put in place in 
the outer and pink paraffin and wax flowed around the margin of the 
outer cap where it laps the inner, so that there will be no chance of any 
cement squeezing in between the two. The bridge is then cemented 
in place. It should not be removed for an hour or go, or until the cement 
has thoroughly hardened. The bridge is then removed, the inner cap 
remaining cemented to the root, and all excess cement cleared away 
from around the cap, after which it is well to paint the gum with iodin. 

The cavity for the spur is now cleaned out, filled with wax, the 


bridge replaced and the teeth closed together, and the inlay finished | 


and cemented as described above. 


In the absence of facilities for casting, gold fillings may be used to. 


support the spurs, although unless the work is done very carefully, it is 
not as accurate as where the inlays are used. 
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Fig. 768 Fig. 769 Fig. 770 


Where a spur is to rest in a filling in any of the anterior teeth either 
upper or lower, the cavity is made in the palatal or lingual side of the 
tooth toward the bridge as in Fig. 768, A and B. Where the bite does 
not interfere, the cavity is made at the basilar ridge where the enamel 
is very thick, and should be of good size, approximately about + inch 
in diameter. It is best to start it with a small carborundum wheel, 
using plenty of water, and cutting through the enamel to give the general 
outline to the cavity before putting on the rubber dam. The rubber 
dam having been adjusted, the cavity is deepened with burs as much 
as possible without endangering the pulp. The cavity is well undercut 
and a filling of hard’gold thoroughly condensed is inserted. It is made 
large enough so that the contour of the tooth is somewhat exaggerated 
as in Hig. 769. The filling is then polished and a hole drilled in the 
center of it on the palatal side to within a short distance of the bottom 
of the cavity, the base of the hole being shaped with a bud-shaped bur 
about the size of No. 14 to 16 gauge wire. A groove the same size is 
then cut from this opening to the distal side of the filling, being careful 
to leave a strong body of gold underneath so as not to weaken the 
filling. (Fig. 770, A and B.) A small piece of paraffin and wax is then 
pressed into the pit and groove in the filling and an impression taken 
and the model prepared. When it is opened, the wax is removed and 
it leaves a perfect impression of the cavity and groove. If the wax is 
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not used, the plaster may not reach the bottom of the cavity or if it 
does, the point will be so fine that it is likely to be broken off. 

The spur is made of iridio-platinum or platinized gold wire of No. 14 
to 16 gauge, the size depending upon the size of the bridge and the 
amount of strain to which it will be subjected. The end of the wire is 
bent, as shown in Figs. 764 and 765, and pointed, leaving it just long 
enough to rest on the bottom of the hole with the shank resting in the 
bottom of the groove (Fig. 771) and passing under the cusp of the 
pontic or to the backing of the facing, should it be one of the SIX 
anterior teeth. 
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In the molars or bicuspids, the cavity is made in the crown of the 
tooth, extending down on the approximal side far enough to allow for 
the filling and spur. (Fig. 772.) The inside base of the cavity should 
be made, as far as possible, flat or slightly convex as in Fig. 773. 
This will make a firm base for the filling and there is little likelihood 
of the tooth being fractured or split by any pressure that may be 
brought to bear on it, the shape of the filling having a tendency to bind 
the crown together and prevent fracturing. 

If the cavity is prepared so that the filling or inlay is wedge-shaped, 
there is a chance of its splitting the tooth, especially the bicuspids, 
which are not strong on this line. 


TUBES AND SPLIT PINS. 


The tubes for removable bridgework are made from iridio-platinum 
plate, No. 32 gauge. A series of polished steel mandrels consisting of 
six made from the regular sizes of Stubb’s steel rods, which can be 
procured from dealers in machinists’ and jewelers’ supplies. The gauge 
numbers (Stubb’s) run from 48 to 53, inclusive, the sizes of the rods 
being, respectively, .075, .072, .069, .066, .063 and .058 of an inch in 
diameter. 

These rods are cut in lengths of from 14 to 1} inches and the ends 
are carefully rounded. For convenience, they are numbered by notch- 
ing or with rings around one end from one to six, beginning with the 
smallest, 1, 2, 3, ete., Fig. 774. 

The size of the tooth must govern the size of the tube to be used, the 
smaller size for teeth having small roots and the larger size for the teeth 
with heavier roots. A strip of No. 32 iridio-platinum plate about 35 
inch wide is beveled at the end to a knife edge (Fig. 775); the edge is 
then turned slightly and rolled around the mandrel, which should be 
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one size smaller than the one which is to be used in finishing the tube. 
(Fig. 776, 777 and 778.) The mandrel is then removed and the tube 
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Fig. 778 Fic. 779 


soldered with pure gold. (Fig. 779.) The next size larger mandrel is 
then driven through the tube (Fig. 780),'stretching it and making it 
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perfectly smooth and straight on the inside.’ The surplus plate is 
now cut away and the lap joint filed even with the rest of the tube. 


(Fig. 781.) 


Fia. 780 Fie. 781 ' 
A floor of the same metal is then soldered to one end of the tube 
with pure gold and the surplus trimmed away and the end finished 
with a file. (Fig. 782.) 
43 


674 BRIDGEWORK 


Split Pins.—In making the split pins for removable work, half-round 
platinized gold wire is used. A piece of such length that when doubled 
it will be about 2 inch longer than the tube, is bent at the center and 
the two flat sides brought in contact for a little more than § inch from 
the open end and soldered just at that point with coin gold. (Fig. 783.) 


Fie. 782 


This end is then grasped in a pin-vise and the sides hammered together 
on an anvil, bringing the two halves in contact. During the hammer- 
ing, the pin must be kept rotating, striking lightly, thus forging it 
round, as the halves are gradually brought into contact. If the two 
halves are hammered together without rotating, the pin will be flat- 
tened and it will be almost impossible to make it round. The pin is 
now annealed, and filed and burnished to fit the tube. 


Fig. 783 


It requires considerable knack and skill to file a pin properly, and 
the first one made is not likely to be a work of art. 

The pin-vise is a very important consideration for this work. It 
should be perfectly round and have jaws which will act as a clutch and 
hold the pin firmly on a line with the pin-vise without moving in the 
vise. (Fig. 784.) 
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The file used for roughening down should be a flat, 5 inch, No. 2 cut 
and should be held in the right hand very lightly, the forefinger resting 
on the face of the file and over the middle of the pin extending from the 
pin-vise. (Fig. 785.) The pin rests on a block and the pin-vise is 


rotated to the right with the thumb and fingers of the left hand. The 
file is passed lightly over the pin in the opposite direction, using very 
little pressure, not much more than the weight of the file itself. The 
file should be moved only while the pin is rotating, touching lightly 
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and lifting it while the pin is still in motion.. When the pin has been 
roughened down to nearly the size desired, the final fitting should be 
done with the finest file that can be obtained and then burnished. 
Files which are cut only on one side are indicated for the final fitting. 
The best ones are those made with a six or an eight cut on one side, 
the other side being perfectly smooth; if they can be obtained, the 
eight cuts are preferred. Trim the pin down until it goes fairly snugly 
into the tube, then using the smooth side, burnishing until the pin will 
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enter the tube easily, but not loosely. binding slightly its entire length. 

If it is a very long pin, it is left closed at the end, and to tighten it, a 

very thin instrument is introduced between the halves, spreading them 

_ slightly, thus making a long, slender elliptic spring. 

_ (Fig. 786.) If it is to be a short pin, the closed 

Fic. 786 end is cut off with a fine file, filing in the direction 

of the split and then rounding and burnishing the 

end so that the fit of the pin to the tube may be tightened by separ- 

ating the ends of the former with a thin knife-blade. In a split pin 

made in this way, there is no loss of material and the maximum 
strength of the metal is maintained. 


OTHER ATTACHMENTS FOR REMOVABLE BRIDGEWORK. 


There are a number of attachments for removable bridgework on 


the market, nearly all of them being similar in type and of greater | or 
less value. The following are among the best: 

McCollum Attachment.—The plain type of the McCollum Attacte 
ment (Figs. 787-790) is of a general T-shape as illustrated. It is 
provided with a cleft at right angles to its transverse portion for adjust- 
ment. The male part is made of high-fusing platinized gold, the female, 
of platinum in the form of a slotted, seamless tube. 


Fie. 787 Fic. 788 


The Stress-breaker extension type has a shank formed of a doubled- 


over piece of metal, the leaves of which terminate in the two halves of 
the slide member of the attachment. The split is left for the purpose 
of expanding the attachment to take up wear. ‘The tube fits over 
the slide member and is to be soldered to the abutment. ‘The stress 
breaker box fits loosely over the shank. The denture is to be cast 
around it, a hole being drilled and threaded piercing the lingual or 
palatal ean of the box. A set screw is fitted to this hole and rests 
against the shank of the attachment, holding it in place. It will be 
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seen that in addition to forming a flexible connection between denture 
and attachment, this construction permits of easy replacement in the 
event of breakage. All that is necessary in such a case is to release the 
set screw’s retention of the attachment and to insert a new one. 


Fre. 789 Fie. 790 


Forms 2 and 3 McCollum Attachment.—'T’o add to the possibilities 
of adaptation, particularly in close bite cases, the attachment is also 
made with the shank offset instead of at right angles to the slide 
member. No. 2 form carries an extension at a 15 degrees angle, Fig. 
789; No. 3 at a 30 degree angle, Fig. 790. 


Hic. 791 Fig. 792 


Stern Attachment.—The Stern adjustable attachment (Figs. 791 
and 792) consists of a pair of transverse wings joined to a solid shank. 
The wings are doubled over, leaving a space in the center which is 
designed to accommodate a round rod (a common steel needle is most 
satisfactory) which is inserted for the purpose of increasing the tension 
on the wings of the attachment when adjustment becomes necessary. 
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In this manner the adjustment is made with precision and without 
altering the fit. Various sizes are provided to accommodate different 
circumstances. 
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Fig. 793 Fig. 794 


The Berry Attachment.—The Berry attachment here shown (Figs. . 
793 and 794) is applicable to a great variety of partial dentures. It is 
substantially constructed of hard, wear-resisting gold clasp metal and 
can be adjusted to take up Wear by closing the tubular portion slightly. 

The post or male part is designed to be soldered to a crown or inlay 
abutment, the tube to be secured to the denture. 


SADDLE BRIDGES. 


The most difficult piece of work which the crown and bridge special- 
ist may be called upon to do, is to make a satisfactory extension saddle 
bridge for the lower jaw restoring the lost molars. A bridge of this 
kind, if properly made, will prove as satisfactory as any bridge that 

can be put in the mouth. If it is not properly made and the saddle is 
not properly adjusted, it will be most unsatisfactory and will ruin the 
abutments more surely and quickly than any other form of denture 
which could be inserted. Extension saddles should not be used, 
except where the teeth have been out for a long time and the process 
has been well resorbed and the tissues are well hardened. It is rarely 
that they are indicated until the teeth have been out for a year or 
more, but occasionally there are exceptions. Bridges of this kind 
should practically always have at least two anchorages, although there 
may be at times an exception to this rule, 2. e., where the teeth have 
been out for a number of years and there is a very pronounced ridge 
and especially if a partial denture has been worn for some time. 

As a rule, the abutment caps should be made first. If, for require- 
ments of strength, telescope crowns are to be used, these crowns should 
be made, united together and articulated. If porcelain crowns are to 
be used, the inner caps are made, the tubes paralleled and soldered 
into the caps, and the impression taken with these in place. 
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The success of an extension saddle bridge depends entirely upon the 
perfect adaptation of the saddle to'the ridge. In getting the impres- - 
sion for the saddle, it is a good plan to first take an impression in model- 
ing composition and, after enlarging it a little so that it will sit farther 
down on the ridge, to use it as a tray for taking the plaster impression. 
The plaster is mixed fairly stiff, placed in the composition tray and 
pressed down firmly over the ridge and held there until it has well 
hardened. A good impression having been secured, the cast is prepared 
and should be of sufficient depth so that there will be no chance of the 
die springing or breaking when swaging the saddle. The outline of the 
saddle is then marked on the cast and the cast built up a little with 
wax around the outline as in Fig. 795, so as to turn the edge of the 
saddle and present a thick rounded edge to the soft tissues. The die and 
counter-die may be made of zinc and lead or of fusible metal, the 
latter being preferable because of its lack of contraction. 
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Fig. 795 


The saddle is struck up of soft platinum of No. 36 gauge and should 
be just large enough to allow for the edge being turned up all around. 
(Fig. 796.) It is then cleansed in acid, the under side painted with 
whiting to keep the gold from running over it, and also on the upper 
side along the top of the ridge to within § inch of the distal end and at 
the front where it is turned up to meet the abutment cap. (Fig. 797.) 
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Coin gold is then flowed over the sides so as to fill them even with the 
turned up edges of the plate. (Fig. 798.) It is then swaged again 
with the die and counter-die, cleansed in acid and is ready for adjust- 
ment. The inner caps are now placed in position on the roots. The 
next step is the one upon which the success of this form of denture 
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entirely depends, and that is the one of adjusting the saddle accurately 
to the alveolar ridge. 

The Adjustment of the Saddle to the Ridge.—It will be found when 
the saddle is placed in the mouth that it is resting on the top of the 
ridge and has no bearing anywhere else. (Fig. 799.) 


Fie. 798 Fic. 799 


If this is not remedied, resorption will rapidly take place, allowing 
the piece to sag and bringing the whole strain on the abutments, with 
the result that sooner or later the roots will become loosened and lost. 
The front end of the saddle, which is free from coin, is turned back so 
that it will clear the abutment caps and it is placed in the mouth, with 
the forefinger of each hand resting on the sides of the saddle, and rocked 
from side to side. This will give an idea as to the amount of correction 
needed. It is then removed, placed on the model, raised a little from 
it and the sides pressed together slightly, the thumb and fingers grasp- 
ing the lower edges of the saddle at points a-a, Fig. 800. It is then 
replaced in the mouth and tried again. This is repeated until the saddle 
rests perfectly solidly without rocking at all and sits comfortably on 
the ridge when under pressure. If it is found that the sides have been 
brought together too much, so that it presses too hard at the lower 
edges, it is pressed down on the model and again adjusted until it fits 
perfectly. 


Fig. 800 ~— Fic. 801 


When it is satisfactorily adjusted, it is held in place under heavy 
pressure with the thumb or forefinger and it and the abutments covered 
thickly with plaster, covering the thumb or finger as well, and the 
saddle held firmly in position. If the saddle is on the left side of the 
mouth, it is held in place with the thumb of the left hand. (Fig. 801.) 
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If it is on the right, it is held with the forefinger of the left hand. 
(Fig. 802.) The plaster is mixed in the same way as for taking an 
ordinary impression, but more potassium sulphate, or whatever is used 
to hasten the setting of the plaster, is used, as the plaster for this pur- 
pose should set very quickly. After the impression has thoroughly 
hardened, it is removed and the saddle and caps are carefully replaced 
in the impression, waxed in position, the inside of the caps also being 
waxed, and a small cast run. 
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The inner caps are then removed with warm pliers and the wax 
cleansed from the caps and model. If porcelain crowns or facings are 
to be used on the abutment caps, the excess tubing is cut flush with 
the floor of the caps and the caps finished and the entrance to the tubes 
countersunk. The outer caps are next made, the split pins fitted and 
soldered in and the caps united with a 21- or 22-carat solder. 

The outer and inner caps are now put together and they, with the 
saddle, are replaced on the model. 

The front end of the saddle, over which no gold has been flowed, is 
then bent forward and trimmed and fitted so that it just comes in 
contact with the outer cap, following the lower edge of the half band 
and part way labially along the floor to a-a, Fig. 803. The saddle is 
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then waxed lightly to the caps and a strong iron wire is bent to lay 
across the floors and along the saddle and this is heavily waxed with 
hard sticky wax. If telescope crowns are used, the wire should extend 
over the cusps, down the side of the cap and along the saddle, as shown 
in Fig. 804, and heavily waxed. This will hold the parts firmly in 
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position and prevent distortion when investing. The inner caps are 
now removed, and the piece invested, filling the outer caps carefully 
with investment and letting it come up a little way over the lower 
edges of the saddle as in Fig. 805.. The saddle and caps are united with 
21-carat solder, flowing it heavily at the point of contact and over the 
forward end of the saddle so as to give a strong, rigid attachment. 
(Fig. 805.) When cool it is removed from the investment. 

After cleansing in acid, the caps and saddle are placed in the proper 
position in the mouth and the articulation taken. This can be in 
plaster, modeling composition or wax, as it will be attached to the caps 
and the saddle and will come away with them so that there will be no 
danger of distorting the articulation when pressing it in position on the 
cast. The model is then prepared and the bridge constructed. 
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The bridge can be made with porcelain crowns or facings, using gold 
occlusal surfaces, or the teeth may be attached with vulcanite. When 
vuleanite is to be used, a platinized gold wire is soldered to the caps and 
along the saddle, with 20-carat solder, looping it at intervals, as shown 
in Figs. 806 and 807, at the same time that the caps are united to the 
saddle. This will give strength and rigidity to the piece and also form 
a firm attachment for the vulcanite. The sides of the saddle should be 
well stippled, and if desired a gold wire can be soldered around the edge 
of the saddle before uniting to the caps. 


Fic. 808 Fia. 809 


Where facings are used, it is better that they should not be ground 
to fit the saddle exactly, but should stand away. from it for a little 
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distance (Fig. 808), the object of which will be seen later. The tips 
of the facings should be high enough to touch the lingual side of the 
buccal cusps of the upper molars as in Fig. 808, A. 

After the facings have been ground they are held in place with wax 
and a wall of plaster built up on the buccal side so as to retain them in 
position after the wax has been removed. (Fig. 809.) The facings 
are then removed and the occlusal ends ground off at an angle of about 
45 degrees with the backs or lingual side as in Fig. 809, A, leaving 
them so that they will clear the occluding teeth by about 35 inch. 
The facings are then backed with thin platinum or pure gold, the back- 
ings touching each other and extending from the beginning of the bevel 
at the occlusal end to the saddle, which they should touch closely all 
along. (Fig. 810.) The facings are then waxed firmly to the saddle 
with hard adhesive wax, the wax being high enough to support and 
hold the cusps. - (Fig. 811.) A solid cusp must be used, the buccal side 
ground or filed to fit the bevel of the facing and waxed in place. (Fig. 
811.) 


Fig. 810 Fig. 811 


The buccal and lingual sides are next covered with wax, the pink 
paraffin and wax being preferable, as it is not sticky and carves nicely. 
Both sides are then carved to represent the natural gums. ‘This should 
be done very carefully and the wax made perfectly smooth in order to 
secure a clean die, so that when the plates are struck up, they will 
require no finishing other than with pumice and rouge. 
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On the buccal side it should be carried above the lower edge of the 
facings and well up between them, as in Fig. 812. The carving on 
the lingual side should correspond in depth and breadth to the facings 
on the buccal side. On either side, the wax should extend only to 
within + inch or a little less from the lower edge of the saddle. 
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An impression is then taken of each side separately, carrying the 
plaster well above the gum line and over the heel on the buccal side, 
and on the lingual side well above the cusps and below the saddle and 
far enough over the heel to meet the impression from the buccal side. 
(Fig. 813.) The impression should be deep enough to serve as a model 
from which to get good strong dies. 
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The dies and counter-dies being made, the buccal plate is struck up 
from No. 30 gauge coin gold and festooned carefully to fit around the 
facings. The lingual plate is struck from No. 28 gauge coin gold and 
fitted carefully, the part going over the heel being brought in contact 
with that from the buccal side. After they have been cleansed in acid, 
the buccal plate is placed in position and held with small iron wire 
clamps, as in Fig. 814. The saddle is then held over a small alcohol 
flame for a moment to loosen the wax from the plate and the teeth 
and wax removed and laid carefully aside. (Fig. 815.) The saddle 
is then invested, lingual side down, only just enough of the investment 
material being used to keep it from springing. The investment is 


Fig. 815 Fic. 816 


thoroughly dried out, the piece well fluxed and some pieces of 18-carat 
solder dropped in between the saddle and the plate. (Fig. 816.) It is 
then well heated up and when it has reached a red heat, the blowpipe 
flame is thrown on the under side of the saddle next to the investment 
and the solder drawn through all around. After it has been allowed 
to cool, it is cleansed in acid, and the saddle warmed slightly and the 
teeth pressed back into place until the fitting of the lingual plate shows 
that they are in their correct position. The bridge is now ready for the 
final soldering. 

The piece is invested, buccal side down, the investment on the 
occlusal side covering about two-thirds of the cusps, and the saddle, 
to within about 4 inch of the lingual edge. (Fig. 817, a-a.) 
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After the investment has hardened it 1s warmed a little and the wax 
lifted out. It is then thoroughly heated up to a light red heat, fluxed 
and soldered between the cusps with 20-carat solder, the backings 
being united and connected with the saddle with the same solder, 
enough being used to give sufficient strength and support to the bridge. 
(Fig. 818.) Some 18-carat solder is then melted over the lingual 
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side of the saddle and cusps at Fig. 818, a-a, and the lingual plate 
carefully put in place, having been previously fluxed on the inner side. 
The whole investment is then thoroughly heated to a bright red heat 
and the flame of the blowpipe passed along the under side of the saddle 
and the exposed portion of the cusps (Fig. 819, a and 6), until the 
solder has been drawn through and united the lingual plate all around. 
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The greatest care must be exercised in putting on this plate, as it 
has to be heated so very hot that it is easily burned. 

After it has cooled it is removed from the investment, boiled in dilute 
sulphuric acid, washed in a bicarbonate of soda solution and clear 
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water, and then dipped in alcohol and thoroughly dried... One or two 
points of the buccal plate which have been carried up between the facings 
are now bent outward and the space between the plate and the saddle 
and under the facings is filled with oxyphosphate of zinc. (Fig. 820.) 
While the cement is yet soft, the points of the plate are pressed back 
again between the facings. After it has hardened, the cement is 


cleaned out from between the teeth and plastic gold packed in between 


the facings and over the points of the buccal plate. The bridge is then 
ready to articulate and finish. 


THE USE OF PORCELAIN CROWNS IN BRIDGEWORK. 


With the advent of the casting process came the more general use of 


all-porcelain crowns for bridgework in place of the veneers which had 


heretofore been used to partially hide the mass of gold of which the 
bridge proper was constructed, thus producing much more artistic 
effects than was possible by the old method. 

Any of the crowns of the different manufacturers which come nearest 
in mold, shade and texture to the requirements of the case can be 
used. There must be sufficient depth of the bite to allow every crown 
to have a base deep enough to give strength and stability to the bridge. 
These bases are preferably cast, although they may be made by swaging 
and soldering. | 

The greatest difficulty with which we have to contend in making 
these bases is due to the contraction of the cast metal on cooling. The 
result is that the crowns do not fit as they should and more or less 
cutting, trimming, and fitting is necessary before they will go in place, 
and not infrequently it is necessary to do the work over again and 
perhaps not even then will the desired result be attained. 7 

The method has been tried of first burnishing or swaging pure gold 
over the bases of the crowns and then waxing up and casting over the 
pure gold. This has perhaps improved matters somewhat, but still it is 
very rarely that it has been possible to secure anything like a perfectly 
fitting base, especially if the crowns are of any considerable size, for 
with the larger castings there is a proportionately greater amount of 
shrinkage. 

Another way of overcoming the difficulty is to build out or enlarge 
the base of the crown before waxing, in order to make up for the 
shrinkage of the gold, and while not entirely overcoming the difficulty 
in every instance, which is probably due to faulty technic, it has, in 
the majority of cases, reduced the trouble to a minimum. 

This method does not do away with the shrinkage of the gold, for 
that is an inherent property which nothing can overcome, but by it we 
counteract or make allowance for this contraction of the metal on 
cooling. 

The method of procedure is first to swage or burnish tin-foil, of vary- 


ing thicknesses, according to the size of the crown, over the base, in 
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reality making a base of the metal, as in Fig. 821. It is then lubricated 
and the wax base is built over the tin-foil, the lubricated surface allow- 
ing its easy removal. The size of the base of the crown 
has, of course, been increased the amount of the thickness 
of the tin. We have thus made allowance for the shrinkage, 
so that when the crown is placed in the casting it fits very §& > 
closely, and if we have been very careful in our technic, Fic. 821 
there will be little or no trimming to be done. 

The thickness of the tin-foil may vary according to the size of the 
crown, but ordinarily foil 0.005 of an inch will answer for all purposes. 

The burnishing of the foil over the bases is very quickly and easily 
done. The lighter foil can be pressed nearly to place with a piece of 
soft rubber and the wrinkles at the edges smoothed out with the thumb- 
nail or a piece of orangewood. If using heavier foils a piece of orange- 
wood and a small burnisher are all that is required to secure the close 
adaptation which is necessary to insure a perfectly fitting base. 

In making the bases for a series of crowns for a bridge, it is not advis- 
able to cast them together in one piece, as, if the bridge is of any con- 
siderable length, the shrinkage would be proportionately great in that 
direction, so that it would be necessary to grind the crowns on their 
approximal surfaces before they would go into position on their bases. 
This would result in shortening of the bridge and leaving a space 
between it and the adjoining teeth or abutments. The best way is to 
cast these bases separately, and in no instance should more than two 
be cast together. The casting of each base separately and afterward 
uniting them does away with the shrinkage which would otherwise 
take place. 

The casting of the bases for abutment crowns may be done directly 
on the caps, or they may be cast separately and afterward soldered to 
the caps. The latter way is preferable in removable work, as there is 
less danger of disturbing the accuracy of adjustment between the outer 
and the inner caps. 

The same method of procedure obtains where a saddle is used as an 
additional support to the abutments and the crowns mounted on this 
saddle. If there is no great depth between the occluding teeth and the 
saddles, the crowns are ground so as to leave only sufficient space for 
the base. (Fig. 822.) The crowns are tinned in the manner described 
and the wax flowed between the bases and the saddle which has pre- 
viously been lubricated. They are then carved and removed from the 
crowns and saddles separately, the sprue wire attached to the lingual 
side (Figs. 823 and 824) and the bases cast. 

They are afterward adjusted in position on the saddle and invested, 
each piece being held in place by a little wire clamp, the wire passing 
from the top of the post to the under part of the saddle directly beneath. 
(Fig. 825.) With the half cap, the clamp extends from the top of the 
post to the under side of the floor. (Fig. 826.) 

The investment should be very light and just fill the under side of the 
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cap or saddle, leaving the whole of the upper parts exposed. This facili- 
tates the thorough heating up of the piece and the solder is easily drawn 
through from the lingual side, uniting the bases to the saddle or to the 


Fic. 822 Fig. 823 Fic. 824 


cap. The crown side of the bases should be well coated with whiting 
or some antiflux, so that there will be no danger of the solder flowing 
over this surface and destroying the fit of the crowns. 


Fic. 825 Fic. 826 


Saddles.—The saddles are struck up of 36-gauge soft platinum plate 
and are afterward heavily reinforced by flowing coin gold over the 
outer surface, after which they are adjusted in the mouth and their rela- 
tion to the abutments obtained by taking an impression over the abut- 
ments and saddle, while the saddle is pressed firmly into the tissues. 

Deep Saddle.—Where there has been a considerable amount of 
resorption and there is a great depth between the occluding teeth and 
the ridge, it would make these pieces unnecessarily and undesirably 
heavy to build solid bases extending from the crowns to the saddle. 
This will apply where there is to be an abutment at each end of the 
bridge and also in extension saddles which are anchored only at one 
end, as in the lower jaw where the molars are missing. The lower 
edges of the crowns are beveled so that the bases may come up over the 
gingival edge, gripping them tightly, thus affording a firm seat and 
minimizing the possibility of fracture. 

The bases may be made in the form of a ring, covering 
the beveled edge and extending just far enough underneath 
to form a positive seat for the crown, as in Fig. 827. These 

Fie. 827. bases are cast in the usual manner and united to each 
other. They are then placed in position on the saddle and 

waxed firmly mesially and distally. (Fig. 828.) The under side of 
the saddle and abutment caps are filled with investment, and the 
surplus is placed on the slab and smoothed off, leaving it 3 to 4 inch 
in depth. The saddle is then settled lightly in the investment, some 
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of which is carried over the middle part of the saddle and over and 
under the crown base at that point, but not coming near the mesial or 
distal ends where the bases are to be attached to the abutments and 
the saddle. (Fig. 829, a and b.) The inside of the ring bases and the 
crown base are coated with whiting, and the piece heated up and soldered 
with 21-carat solder, leaving the connecting rings suspended between 


SS 


Fie. 829 


these points, as in Fig. 828. The crowns are then placed in position 
in the bases and the buccal and lingual sides between the bases and 
saddle filled in with wax, and carved so as to restore the gum contour, 
leaving nearly % inch of the edge of the saddle exposed, and coming 
about midway on the labial and lingual side of the ring bases. (Fig. 
830.) Impressions are then taken of these carved surfaces and 
models prepared. Dies and counter-dies are made and plates of 28- 
or 30-gauge coin gold struck up and carefully fitted and adjusted to the 
saddle. The wax is then removed and the crowns taken from their 


Pag 


Fic. 830 Fig. 831 


bases. One of the plates is put in position and held in place with a 

clamp over the edge of the saddle and the piece placed in the invest- 

ment, open side down, leaving the side on which the plate is to be 

soldered exposed, as in Fig. 831. The investment is dried out and the 

inside of the ring bases coated heavily with whiting or other antiflux. 

The piece is then well fluxed between the plate and the saddle and 
44 
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also between it and the rings, which are thoroughly united with solder, 
preferably 20-carat. iM 

After it has been removed from the investment, it is cleansed. The 
plate for the opposite side is then clamped in position and the piece 
invested and soldered in the same manner as the first. (Fig. 831.) 

The object in making a saddle in this way instead of casting what 
might be called the entire shell, and then uniting it to the saddle, is 
that in the rolled coin gold plates we have a perfectly dense homo- 
geneous mass that can be easily polished and which takes and retains 
a very high finish, while the’surface of a casting is more or less porous 
and will not take as high polish. It also is much lighter than it could 
possibly be made by casting. 

The saddle is cleansed in acid and polished and is ready for the 
crowns. The crowns are fitted with posts which extend through the 
opening in the bases into the body of the saddle. These posts are 
cemented into the crowns, the hollow body of the saddle filled with 
cement, and the crowns put in place and held there under pressure until 
the cement has hardened. (Fig. 832.) A saddle made in this way 
presents a most beautiful appearance and does away entirely with the 
showing of the gold. At the same time we have obtained a maximum 
amount of strength with a minimum amount of weight. 


PORCELAIN CROWN WORK AND BRIDGEWORK. 


In discussion of porcelain work many matters present themselves 
for our consideration. Regarded from a purely esthetic point of view, 
porcelain is the ideal material of which crowns and bridges should be 
constructed, but from the practical side other things than appearance 
must also be considered. 

If the restoration of the missing teeth were only made for the purpose 
of improving the personal appearance of the patient, then porcelain 
should be used in every case, but this should be a secondary considera- 
tion. 

The health of the patient, depending as it does to a very great extent 
on the ability of the masticatory organs to properly perform their func- 
tions, demands that the question of utility should be given the first 
importance. 

Porcelain is, of necessity, a very fragile material and where great 
strength is required, it is wholly unsuitable for use. 

A tremendous force is exerted by the jaws and widely varying figures 
are given as to the exact amount. Dr. G. V. Black has estimated the 
force exerted in mastication as follows: ‘‘For the incisors, the maximum 
force exerted, one hundred and seventy-five (175) pounds; minimum 
force, thirty (30) pounds. For the molars, maximum force, two hun- 
dred and forty (240) pounds; minimum force, seventy (70) pounds. 


1 The Dental Cosmos, vol. 37, p. 474. 
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Force exerted in masticating tough meats ninety (90) pounds; tender 
meats, thirty (80) pounds. Hard crusts resist a pressure of two hun- 
dred and fifty (250) pounds; hard candy, one hundred (100) pounds.” 

There is no porcelain body made which can successfully withstand 
the continuous strain to which a bridge will be subjected. 

Undoubtedly, porcelain has its place in crown work and bridgework, 
but until some method is discovered whereby it can be annealed so as to _ 
render it tough and to a certain extent pliable, its uses will be limited to 
single crowns and bridges on which there will be very little strain. 

For single crowns where there is sufficient depth to allow a con- 
siderable amount of body being used, porcelain can be employed with 
good results. Where teeth have been lost and much resorption has 
taken place, so that there is a great depth between the gum and the 
occluding teeth of the opposite jaw, porcelain will make a much more 
artistic piece of work, but it can never be as serviceable as a well made 
and perfectly articulated gold bodied bridge. If porcelain is used, the 
work should always be made removable, or it should be set in such a 
manner that it can be easily removed for repair in case of accident, for 
such a bridge cannot be repaired in the mouth. 

Where an upper or lower artificial denture is worn, a porcelain 
bridge has a much better chance of a long period of usefulness than 
where it occludes with the natural teeth, for the force exerted in masti- 
cation is very much less where an artificial denture is used. 

In all cases where porcelain is used, the bulk of body must be as great 
as it is possible to make it. It should never be placed in thin layers 
over bands or any of the attachments or metal work of the crown or 
bridge. Sooner or later the porcelain is sure to flake off, exposing the 
platinum, rendering the piece unsightly and leaving sharp ragged 
edges of porcelain to cut and irritate the soft tissues. 

If the root of a tooth which is to be crowned sits inside of the arch, so 
as to necessitate the setting of the facing beyond the labial side of the 
cap, it should be carried far enough over to allow placing a thick rope 
of porcelain over the band, which should be well stippled in order to 
give a mechanical hold for the body. 


CHAPTERVAY TI. 


THE HYGIENIC RELATIONS AND CARE OF 
ARTIFICIAL DENTURES. 


By ALFRED C. FONES, D.D.S. 


DeEntistTRY has at last reached that point in her progress where the 
thinking element of the profession recognizes the great importance of 
mouth cleanliness, and the fact that operative and prosthetic work 
must be constructed with an understanding of the anatomy and 
histology of the tissues of the teeth and jaws. Up to the present time, 
dentistry’s greatest field of effort has been the restoration of tooth 
structure lost through dental caries or through the infection and 
destruction of the pericementum. Concentration upon the use of 
metals and other materials to secure tooth restorations or dentures 
approximating the normal has developed a body of men highly skilled 
in the finer mechanics. The demand for this high grade of mechanical 
skill will always endure, but the hygienic relationship of these restora- 
tions to the underlying and approximating tissues must be taught and 
understood, in order that dental surgery may be a true surgery and 
that these mechanical constructions may be true blessings. 

Although for many years the microscope has been revealing the 
cells and structures of tissues, dental histology, as a science, is of 
comparatively recent date. Much has now been unfolded to us that 
was previously obscure, until today we know, with a reasonable degree 
of accuracy, the origin, function and final accomplishment of the 
different cells which form the teeth and their supporting tissues. We 
also know the essential factors which govern the health and activity 
of the cells, and it is the deviation from these health factors that has 
aided us in our investigation of the causes of disease. If the dental 
profession has erred in an honest endeavor to help humanity by 
inserting artificial substitutes for teeth which have been lost, and 
these substitutes have proved to be unsanitary and harmful, it is due 
to the fact that too much thought has been given to the mechanical 
construction of the work, and not enough to the influence of the 
constructed work on the live tissues to which it is attached, or with 
which it is in contact. The loss of a tooth is much to be deplored, but 
it is far better that the resulting space should exist, especially if it is 
in the back of the mouth, than that two other teeth should be mortally 
wounded to aid in the support of an unhygienic bridge or appliance. 


By mortally wounded or injured we mean the extensive cutting away 
(692 ) 
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of good tooth structure in a vital tooth which will eventually endanger 
the life of the pulp, or the application of a shell crown, or band that will 
create an irritation im the subgingival space which is conducive to a 
pericemental infection. 

It is not the intention, in this chapter, to deal with the scientific 
construction of prosthetic dentistry, but attention cannot too fre- 
quently be called to the dangers of injuring a healthy, vital tooth in an 
effort to substitute one or more that may be missing. 


THREE FACTORS FOR HYGIENIC CONSTRUCTION. 


In the consideration of the hygienic relations of partial artificial 
dentures, there are three factors to be carefully considered: 

First: In the construction of an unremovable piece there must be 
no surface that may hold food debris which cannot be readily removed 
with the toothbrush and floss silk. 

Second: The placing of ill-fittmg bands, crowns, clasps or partial 
dentures around the necks of the teeth means, eventually, the resorp- 
tion of the gingival tissues, and the establishment of a point of ingress 
for bacteria through the pericementum. 

Third: The wilful destruction of live pulps, and the failure to make 
an aseptic and perfect root operation will permit and invite an apical 
infection. 

Factor No. 1.—Knowing that bacterial digestion of food is quite 
similar to that of the action of the unorganized ferments in the animal 
organism, the question arises, is it especially harmful to have a certain 
amount of food debris decomposing in the mouth? If the quantity of 
such food was comparatively small and the foods and the bacteria 
could be thoroughly disposed of at the end of what would be a normal 
digestive process, we would say no, but such is hardly the case. In the 
efforts of the bacteria to secure carbon and nitrogen, their digestive 
process proceeds beyond the point where food is absorbable in the 
human intestines and we find end-products being formed, especially 
among the nitrogenous compounds, which are irritating and poisonous. 
These products, in combination with the toxins produced by the millions 
of bacteria which have been thriving upon these media, constitute an 
intake into the gastro-intestinal tract that is not wholesome. Food 
debris is conducive to large numbers of bacteria, and large numbers of 
bacteria are harmful. The obtaming of pure milk is but an effort on 
the part of the scientific dairy men to keep the numbers of bacteria in 
it at the lowest possible count. What may be considered as pure milk 
would give a count of 10,000 to the cubic centimeter and what would be 
unwholesome or dangerous to drink would contain 50,000 to the cubic 
centimeter. ‘This same principle obtains in the mouth; a reasonable 
number of bacteria in the mouth is harmless, but if conditions are 
favorable for the propagation of large numbers to be swallowed at each 
meal, as well as between meals, the results will eventually be harmful. 
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Fixed Bridges.—An unremovable bridge with a saddle or flattened 
surface next to the gum tissue which permits the lodgment of food 
becomes not only a breeding ground for millions upon millions of 
bacteria but is a depressant and a source of irritation and inflammation 
to the mucous membrane and tissues directly underlying it. Such 
an inflamed surface can readily absorb the toxins generated and the 
bacteria themselves would not find any great difficulty in gaming 
ingress into the tissues and even into the lymphatics. Knowing the 
unhygienic relationship of any type of construction which permits the 
retention of food debris and the multiplication of bacteria, no unre- 


movable piece should be so constructed that it cannot be kept clean — 


on all surfaces by the use of the toothbrush and floss silk. 

There has been considerable discussion as to whether the use of any 
fixed bridge is advisable. One of the principal arguments against it 
has been that the teeth used as abutments are fastened rigidly together 
and are not permitted to function independently. This produces an 
unnatural stress on the pericementum, creating sufficient irritation to 
endanger the vitality and life of the tissue. This is undoubtedly true 
where faulty occlusion exists between the set piece and the opposing 
teeth. Clinical experience has shown, however, that it is possible to 
construct fixed bridges which will give good service for many years. 
In any case where a fixed bridge is desirable, the two important factors 
for durability are hygienic construction, especially by the use of flush- 
joint retaining abutments, and an occlusion which permits of the 
equalizing of the stress of mastication as far as possible. 

Factor No. 2.—Artificial Appliances in Relation to Pericemental 
Tissues.—Histological examination of the mucous membrane which 
covers the gum tissue shows a dead, toughened, squamous epithelium 
quite similar to that of the skin which acts as an armor or protection 
to the underlying tissues. When coarse foods are eaten, as by the 
carnivora, or where artificial stimulation is produced through gum 
brushing, a marked thickening or toughening of this membrane may be 
noted. In the subgingival space, however, this tough epithelial pro- 
tection is absent and we find the nucleated cells directly on the surface 
with no covering or protection. The attachment of the soft tissues to 
the tooth at this point is of a delicate character and may be irritated 
or wounded if unduly abused. Noyes has traced the lymphatic vessels, 


as they travel from the gingiva down through the fibers of the peri- 


cementum, which may be carriers of bacteria, if opportunity is offered 
for their ingress by the mechanical irritation of poorly fitting dental 
appliances. The human organism, in a state of health and normal 
construction, is very well safeguarded against the ingress of bacteria 
into the circulatory system. The skin, if kept clean, wholesome, and 
unbroken, is an excellent protection. ‘The mucous membrane of the 
nose and throat and of the intestinal tract, if normal and kept clean, 
affords ample protection against an undue bacterial invasion. And so 
it would be in the normal mouth if the teeth were kept clean and the 
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gums and mucous membrane healthy, but unfortunately many mouths 
are not kept clean and wholesome. Therefore it should be clearly 
understood that any prosthetic piece which depends upon some 
appliance in contact with a tooth to stabilize it, or lock it into place, 
must not have such means of attachment extending deep enough into 
the subgingival space to injure these delicate tissues, nor should a 
crown or band form a shelf or recess that will permit the retention of 
food debris, to not only destroy these supporting tissues but to be a 
possible source of local or systemic infection. 

Cast Gold Crowns.—If it is deemed necessary to use a cast gold crown 
over a molar tooth with a live pulp, every precaution should be taken to 
see that, after grinding and shaping the tooth to secure walls parallel 
with the neck of the tooth, the exposed tubules are protected against 
any possible future action of bacteria. 

The writer has found that by placing rubber dam on such prepared 
teeth, and after thoroughly dehydrating them, he may paint two or 
three coats of a mixture of nitrate of silver and alloy, which will form 
a deposit all over the surface of sufficient thickness to act as a protec- 
tion to the living substance in the dentin for many years. ‘This mixture 
is made by crushing a crystal of nitrate of silver on a glass slab and 
pouring over the powder an equal amount of finely ground Standard 
Alloy. Sufficient water is added to give the mixture the consistency 
. of thin cream, and with a small cotton swab wound on the end of a 
stiff broach this black mixture is painted over all surfaces of the tooth, 
allowed to dry, the surface wiped off with a piece of dry cotton and again 
painted, the process being repeated two or three times. 

Clasps.—In the construction of clasps for partial dentures, the 
methods employed for cast work have now made it possible to secure a 
perfect fit of the tooth so that there is no encroachment upon the gum 
tissue. It is highly desirable that a stop be used im connection with 
each clasp to firmly hold the clasp in position and to prevent the possi- 
bility of any encroachment on the gum tissue. Much blame has been 
placed on the clasp as a device favorable to the destruction of tooth 
structure. In such cases the clasp has been at fault chiefly as a 
means of assisting in the retention of food debris against the tooth 
surface, and the possessor of the artificial denture either failed to appre- 
ciate the necessity of, or willfully neglected, a thorough cleansing of 
the teeth after meals and a brushing and cleansing of the removable 
appliance. Clasps with stops, if carefully made and kept clean, are 
hygienic and are one of the best means of retention for artificial dentures 
that have yet been presented to us. Ill fitting clasps in unkempt 
mouths are almost sure to destroy the teeth with which they come in 
contact. 

It is questionable if any metal is as harmless as, or is the equal of, 
clasp gold metal for the making of these attachments. Following is 
the opinion of the late Charles J. Essig on the use of silver or other 
metals for clasps: 
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“Tt has been observed that clasps exert an influence upon teeth vary- 
ing in degree according to the condition of the oral fluids and the kind 
of metal of which they are made. Silver clasps have been found to 
exert a much more disintegrating influence than those made of gold. 
Dentures with clasps made of platmum or iridioplatinum act more 
injuriously than the same appliance fitted with gold clasps. These 
differences in the effects of the metals upon the teeth are probably 
due to a galvanic current between the tooth structure and the metal 
forming the plate, aided by certam conditions of the oral fluids. Silver 
and platinum should not be used im the formation of clasps, nor indeed 
for any purposes which demands contact with tooth structure. It has 
been observed that teeth in contact with a platinum wire employed as a 
means of retention, their positions having been changed in the correc- 
tion of irregularities, exhibited erosions in a comparatively short time 
after its application. 

‘“‘An example of the action of silver upon thenatural teeth was observed 
a number of years ago in the case of a man who had, in an election 
fracas, sustamed a severe fracture of the jaw. When he presented 
himself for treatment at the college clinic, nearly a year after the 
injury had been received, it was found that the jaw was in three parts, 
no union having taken place. He had received a blow from some heavy 
instrument upon the mental portion of the bone; the fractures were on 
each side between the first and second bicuspids. The individual, for 
some reason best known to himself, had been obliged to remain in 
concealment for several weeks after the injury, during which time he 
received no surgical treatment whatever. The appearance of the 
lower part of the face was greatly changed by the displacement of the 
disunited parts of the jaw and mastication was impossible. As a 
temporary or palliative remedy for the latter difficulty, a dental surgeon 
had fitted a bar of stout, half round silver wire entirely around the 
lower teeth so as to hold the parts in juxtaposition and restore the 
articulation of the teeth. The individual had not worn the fixture 
many weeks before the posterior surfaces of the second molars, where 
the brunt of the force was borne, became unbearably sensitive. An 
examination showed deep groves in these teeth, rapidly approaching 
the pulps. As the neighboring teeth appeared of good quality and 
entirely free from caries, the abrasion on the second molars was 
probably due to galvanic action between the silver support and the 
tooth structure.” | 

Factor No. 3.—Pulp Hygiene.—Every practitioner who is a student 
of the science of dentistry appreciates the importance of keep- 
ing the pulps of teeth alive and healthy, where possible, in each 
and every tooth. A carious tooth, no matter how slightly decayed, 
is a tooth wounded and although we may successfully restore such a 
tooth to a sound and healthy state by operative procedure, it is ques- 
tionable, in most cases, whether it is good dentistry to deliberately 
destroy a pulp for the attachment of a bridge or partial plate, or even 
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to cut extensively into a sound tooth for the insertion of an inlay for 
the same purpose. With our present-day knowledge of apical infec- 
tions, pulp hygiene becomes the most serious consideration in the 
prevention of the most dangerous type of dental pathological condition, 
and he who endangers the life of the pulps of the abutting teeth for the 
retention of a denture is making an unnecessary sacrifice in order to 
produce a fine piece of mechanical art. 

Removable Bridges.—The advent of the removable bridge, especially 
one of simple construction, has afforded a very practical means of 
restoring missing teeth while preserving the integrity of the remaining 
teeth. Reference is made to the removable clasp bridge which has the 
advantage of affording independent movement in function, pulp 
conservation and is quite simple in construction. From the standpoint 
of hygiene the removable bridge is unquestionably most desirable and 
offers every facility for cleanliness and comfort. 

Gold and Vulcanite Dentures.— Although thousands of full or partial 
vulcanite dentures are worn with utmost comfort and the mucous 
membrane retains a fair state of health, it is nevertheless true that the 
tissues take more kindly to a gold denture. The gold, being non-porous 
and smooth, is cleaner and metal conducts the heat away from the 
tissues as it should normally escape. These factors, combined with the 
comfort of a much thinner construction than is possible with vulcanite, 
especially in the roof of the mouth, give gold the preference. In fact it 
may be stated that where teeth are to be replaced on both sides of either 
jaw, the trend of opinion seems to favor the partial gold denture with 
clasps. Such an appliance is most hygienic and requires the minimum 
amount of tooth preparation for its retention. 

In adapting a partial denture to the gum tissues, careshould be taken to 
trim the denture back from the necks of the teeth to a sufficient distance 
that the gingivee are free from any pressure from the denture. The 
supporting tissues, such as the alveolar process and pericementum of 
many good teeth, have been injured and destroyed by the irritation 
and pressure created by dentures lying over the gingival borders and 
close to the necks of the teeth. 

After a vulcanite denture is worn for some time, especially if it has 
been poorly vulcanized, it absorbs considerable food débris, and if it is 
not kept scrupulously clean by a thorough scrubbing with brush, soap 
and water, it will have a pronounced sour odor. In such unkempt 
mouths the mucous membrane becomes swollen and irritated by the 
products of decomposing food and the immense numbers of bacteria 
kept in constant contact with it. The rubber is a non-conductor and 
does not readily permit the conduction of heat from the tissues, and this 
in turn becomes a source of irritation. Every individual who wears a 
vulcanite denture should be instructed to buy, at the drug store, a brush 
that is designed to clean these dentures, and should be impressed with 
the necessity of cleansing the denture and the mouth after each meal. 
If a plate brush cannot be secured, a good stiff toothbrush will answer 
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the purpose. At least once a week the denture should be placed in a 
class of water and one-half of a teaspoonful of aqua ammonia be dropped 
‘nto the water and stirred up, and the denture allowed to soak in the 
solution at least for one-half hour.. This strong alkali will saponity 
and thus assist in the removal of the food débris that may be retained 
in the pores of the vulcanite, and after thorough brushing and scrubbing 
with soap and luke warm water, it will be found that any odor that 
may have been present will have disappeared and the denture will be 
sweet and clean. Patients should be warned against the use of hot 
water on vulcanite, as dentures have been ruined in this manner. 

Removal of Dentures During Sleep.—A very important point to con- 
sider is the wearing of artificial dentures during sleep. Many people 
do not take kindly to-the thought of removing partial dentures, 
especially when they are first inserted. Without question the mouth 
would be benefited by the removal of the denture at night in order to 
rest the tissues with which the material comes in contact, giving them a 
period of release from the abnormal work and stress. Pressure, how- 
ever slight, has a tendency to create resorption in the human body, and 
the removal of the denture at night tends to lessen this slow process of 
resorption about one-third. It is well known that conditions are more 
favorable to decay during sleep on account of the lack of motion of the 
saliva and fluids of the mouth around the teeth during this period of 
rest, and if the partial denture is worn at night, not only should the 
denture and teeth be thoroughly cleansed but the inside of the clasps 
should be wiped with a cloth, or better stilll, rubbed with an orange- 
wood stick and pumice and the tooth surface where the clasp rests 
eiven a vigorous rubbing with a piece of flat floss. This care of the 
inside surfaces of the clasps and the adjoining tooth structure should 
be a daily procedure irrespective of whether the denture is worn at 
night or not. Pride may be a reason for wearing a partial denture at 
night, but there all argument ends. People wearing full dentures 
soon find themselves more comfortable in resting the mouth overnight 
by removing the dentures, although it is frequently advisable to wear a 
new denture constantly for the first two weeks in order to accustom 
oneself to the artificial substitute. When dentures are removed over- 
night it will be noted that they do not fit as well for a short period when 
first inserted in the morning. This is due to a slight recovery or seem- 
ing thickening of the gum tissue which has been compressed by the 
pressure of the denture while being worn. } 

Rubber Sore Mouth.—For years in the past, there has been a great 
deal of discussion over the danger of using coloring matter which 
contains mercury in combination with the rubber, as it was believed 
that free salts of mercury could be liberated from rubber so treated 
and that it was the cause not only of sore mouths, but of systemic 
disturbances. At the present day this subject excites but little interest, 
yet at times it still crops out occasionally. .We know of no better 
presentation of the subject than that offered by Dr. E. C. Kirk in the 
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American System of Dentistry, and therefore quote a portion of his 
article relative to it. 

“As nearly all the vulcanizable rubber used in the construction of 
artificial dentures is of the red variety, which owes its color to mercuric 
sulphide or vermilion, many have looked upon it as the sole cause of the 
annoying condition under consideration. Many cases in practice tend 
to a confirmation of this idea, yet a careful analysis of them, as well as 
the absence of conclusive evidence based upon systematic scientific 
investigation, fails as yet to establish the truth of such a theory. The 
conclusion has been jumped at that as vermilion is a salt of mercury, 
its action must necessarily be poisonous. That such is not the case is 
evident from the fact that it is wholly inert medicinally, and is one of 
the most insoluble of the mercurial salts. With the exception of a 
strong solution of sodium sulphide there is no menstruum that will 
dissolve it which will represent a solution of mercuric sulphide, and it is 
only decomposable by heat or the strong mineral acids. It has been 
asserted that under the conditions to which it has been subjected in 
producing a dental plate, decomposition of the vermilion sometimes 
takes place, resulting in the liberation upon the surface and throughout 
the texture of the plate of metallic mercury, which, being acted upon 
by the oral fluids, produces local mercurial poisoning. While it may 
be possible that individual samples have been shown to contain free 
metallic mercury, a study of all the conditions would preclude, theo- 
retically at least, the possibility of such a general occurrence of it as to 
account for the frequency of rubber sore mouth. The temperature 
to which the vermilion is subjected during vulcanization is far below 
that necessary to effect its decomposition, and even should the proper 
temperature be reached accidentally, the presence of sulphur incor- 
ported with the material in great excess, which is necessary to effect 
the hardening of the rubber, would immediately reconvert into mercuric 
sulphide any mercury which had been set free.” 

Dr. G. V. Black asserts that the sore mouth produced by artificial 
dentures is due to the growth of certain fungi, the Streptococcus 
magnus, Streptococcus continuosum, ete., which elaborate an acid 
secretion that acts as an irritant to the mucous membrane and causes 
the condition. He finds these fungi upon the surface of all dentures, 
without regard to the material of which they are constructed, but in 
greatest number upon the surfaces of vuleanite dentures; which he 
attributes to the fact that the irregularities and roughnesses of the 
surfaces of such dentures afford lodging places ‘where they rapidly 
develop, because the denture cannot be as readily kept clean. He 
regards absolute cleanliness as a complete protection from inflam- 
mation. 

-It is possible for an artificial denture of even the most hygienic 
construction to prove a menace to the wearer unless definite instruction 
is given in the daily care of the appliance. The following outline of 
the home care: of artificial dentures is suggested to supplement the 

Battersea Public Library. 
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instruction given in the office, and a printed copy should be supplied 
with every removable appliance. 


THE HOME CARE OF ARTIFICIAL DENTURES. 


General Care of any Removable Appliance. 

1. Remove the appliance after each meal, and scrub with a stiff 
brush, soap and water. 

2. Clasps or other attachments must be rubbed vigorously once a 
day with orangewood stick and pumice, especially the surface in 
contact with the natural teeth. 

3. After the brushing and flossing of the natural teeth, the tooth 
surfaces upon which clasps or other attachments rest must be rubbed 
vigorously with flat floss or lmen tape. 

4. Any appliance should always be removed at night to rest the 
tissues, prevent undue resorption, and decay of the natural teeth. 

5. Every six months, the appliance should be cleansed at a dental 
office to retain the smooth, highly polished surface. 


SPECIAL CARE OF VULCANITE DENTURES. 


1. Hot water is injurious to vulcanite; use warm water for cleaning. 
2. Vuleanite is slightly porous and absorbs food débris, which gives a 
sour odor to the denture. To avoid this condition, the denture should 
be placed, once a week, in a glass of water to which one-half teaspoonful 
of aqua ammonia has been added. When the denture has been soaked 
in this solution for a half hour to an hour, scrub with soap and water. 


CHAPTER XVIII. 
CLEFT-PALATE PROSTHESIS. 
By EDWIN H. MAUK, D.DS. 


CLEFT—PALATE AND HARELIP. 


Tue colloquial terms “cleft-palate”’ and “harelip,’ and among the 
French, “pike mouth,” are commonly used to designate two condi- 
tions of oral deformity which are of the same class, and due to the 
same causes, differing only in degree. Both of these conditions may 
exist simultaneously, or either condition may be present without the 
other, but their etiology, diagnosis and prognosis are always con- 
sidered together in texts on the subject. 

Cleft-palate may be defined as a lack of continuity of the roof of the 
mouth throughout the whole or a part of its length, in the form of a 
fissure extending antero-posteriorly (Fig. 833). 


Fic. 833.—Extensive congenital cleft of both hard and soft palate. From a drawing. 
(Federspiel.) 


Palate defects are usually classified as: (1) Congenital (malforma- 
tion) and (2) acquired (disease or accident). It is common practice to 
differentiate these also by referring to congenital defects as clefts, 
and to the acquired as perforations, except in extreme cases where 
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i 
they assume the proportions and position of a fissure. The position 
and shape of palate defects have considerable diagnostic value. The 
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congenital cleft involves and usually follows the median line as a 
fissure, while the acquired perforation, if small, is not so likely to occur g 
in the median line (Fig. 834), and if large enough to involve the central 
portion, is usually of an irregular rounded outline. 3 


Fic. 834.—Perforation of the hard palate, luetic. (Zinsser and Stein.) 


Fic. 835.—Single harelip, mild form. Slight defect without cleft-palate. (Brown.) 


Harelip is a lack of continuity of the upper lip varying in form and 
extent from a mere notch in the border (Fig. 835), to a complete 
fissure (unilateral) (Fig. 836), or two complete fissures (bilateral), 
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extending into the nostrils and through the alveolar ridge (Fig. 837). 
It is always congenital, though accidental injury may produce a similar 
condition. Very rarely a fissure of the lower lip analogous to harelip 
is observed, and may be attributed to the same causes. Slight defects 
in the form of harelip often exist without the presence of any palate 


Fia. 836.—Single harelip and alveolar cleft. (Federspiel.) 


defect, though the extreme conditions of unilateral and bilateral lip 
fissure are usually associated with congenital cleft-palate. A case has 
been noted in which a complete fissure extending into the alveolar 
ridge was present in the lip without any palate defect! (Fig. 838). 


Fig. 837.—Double harelip, usually complicated with cleft-palate. (Brown.) 


Etiology.— Failure of the parts to unite during the period of gesta- 
tion is the accepted reason for cleft-palate and harelip. This is attrib- 


1 Brown: Oral Diseases and Malformations, 3d ed., Philadelphia, Lea & Febiger, 
p. 610. 
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uted to abnormal or deficient cell activity of the fetus. The reasons 
for such abnormal or deficient cell function are more obscure. Brown 
mentions heredity, faulty metabolism (including deficient endocrins), 
position in utero and malformation or pathology of the female geni- 
talia: 

Warnekros advances the novel theory that the exciting cause is the 
invariable presence of one or more supernumerary teeth which are 
always found in the lines of fissure. In confirmation of this theory he 
cites the observation of a large number of cases in which were found 
the supernumerary teeth, as indicated above.” 


Fie. 838.—Unilateral fissure of alveolar ridge and lip, without cleft palate. (Brown.) 


The finding of these supernumerary teeth is in accord with the 
observations of Brown. He points to the many evidences of ‘‘unequal 
cell distribution” in the individual of this type as shown by other 
asymmetrical developments accompanying palate defects, such as 
supernumerary fingers, total congenital deafness, defective function of 
nutritive organs and a strong neurotic tendency. He concludes that 
arrest of development in this region is due to the same causes as in 
other parts of the body.’ 

Acquired palatal defects are almost invariably one of the sequel 
of syphilis, though cases of this kind have been observed in which 
destruction of the palate was due to other diseases. 

More or less extensive perforation of the palate may remain after 


* Oral Diseases and Malformations, Poli: 
* Ash’s Quarterly, April, 1909, p. 163. 

oa Brown: Oral Diseases and Malformations, 3d ed., Philadelphia, Lea & Febiger, p. 
‘ Ibid. 
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surgical removal of malignant growths or other tumors in this region. 
Modern surgery is usually able to eliminate these by plastic operations. 

The extent and severity of cleft-palate vary greatly. Fissure of 
the soft palate only may be the sole defect present, or the same con- 


Fra. 839.—Complete cleft palate*’and unilateral harelip. (Federspiel.) 


Fra. 840.—Complete double harelip and cleft-palate, showing protrusion of intermaxillary 
bones and lip fragment. (Federspiel.) 


dition may be accompanied by a partial fissure of the lip. Next in 

severity occurs partial or complete fissure of the soft and hard palate 

and of the lip, sometimes separately (Figs. 837 and 838), but usually 

in conjunction (Fig. 839). In the extreme cases complete separation 

of the hard palate exists (or even a double separation, divided by the 
45 
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vomer) in conjunction with complete unilateral or bilateral fissure of 
the lip and intermaxillary bones. Such cases present extreme deform- 
ity; the appearance is hideous and repulsive. In the last-named form 
the intermaxillary bones and the lip fragment protrude and appear 
suspended from the tip of the nose (Fig. 840), whose ale are tremen- 
dously spread, so that human semblance is nearly destroyed in some 
cases. 

Probably no other deformity can be productive of greater shock 
and distress to parents nor offer less hope of a useful existence for the 
child thus afflicted unless corrected, and for this reason it may be said 
that no other deformity is more worthy of the surgeons’ utmost skill 
and deepest desire to confer a benefit. 

Comparable Prognosis: Surgery vs. Prosthetic Restoration.— For cor- 
rection of acquired palatal defects of any extent, there is usually but 
the one method possible, namely, prosthesis. 

In the congenital cases there is often a choice to be made of two 
methods of procedure—surgery to eliminate the defect, or a prosthetic 
appliance to compensate for it. 

Each has its advantages and inherent limitations, and the choice 
more frequently depends upon the age at which the patient presents, 
surgery being the method almost invariably indicated in early childhood. 

Practically all operators agree that palate surgery should be done 
in early childhood, but opinions vary as to the exact age most desir- 
able. Some advocate a radical and, if possible, complete operation 
within three months after birth; others prefer to institute corrective 
measures within the first year, designed by pressure to reduce the 
space and to mold the bones to a more favorable shape for the final 
operation, or series of operations, to be undertaken any time within 
the first few years of infant life. 

Surgery.— Advantages.—If successful, surgery is permanent in its 
results, the defect is actually eliminated, and the united bones are cov- 
ered by tissues continuous with and of the same character as adjoin- 
ing parts of the oral cavity; therefore, no problem of oral hygiene is 
involved as with an appliance of any sort. 

There is greater probability of normal speech after a successful 
surgical operation than as a result of an appliance, especially if closure 
of the cleft has been completed before speech has become fully estab- 
lished. The improvement in speech may not be so marked, nor may 
it result so soon as is often the case with a prosthetic appliance, but is 
likely to be more complete ultimately through development of the 
muscles. In other words, speech development after surgery is not 
subject to the limitations imposed by AUN apparatus, no matter how 
perfect. 

There seems to be a consensus of opinion that for cases presenting 
in early life, and up to maturity, the results to be secured by surgical 
treatment are far better than may be attained by prosthesis, and that 
the possibilities of surgery should be exhausted first. 
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Another consideration is also involved: The malposition of teeth 
almost invariably accompanying cleft-palate, or ensuing as an una- 
voidable result of the necessary surgery, demands orthodontic treat- 
ment which must be undertaken during childhood and adolescence if 
its success is to be assured. Happily there are few cleft-palate cases 
that do not yield to surgery at this time of life. 

Surgery.— Disadvantages.—Among these may be enumerated the 
necessity for a hospital operation, involving a general anesthetic, and 
the well-known and widespread prejudice against both. 

Cleft-palate surgery produces no benefit to defective masticating 
function in adults. When it is undertaken during the first few years 
of infancy there is almost certain injury to developing deciduous tooth 
follicles, resulting in their destruction or malposition, and almost 
equal danger of similar injury to the permanent teeth (Fig. 841). 
This is especially true in the incisor, cuspid and bicuspid region! On 
the whole, it may be said that the merits of surgery decrease as the 
age of the patient increases. 


Fig. 841.—Malposed and missing teeth with undeveloped maxilla. Attributed to 
trauma in passing silver wires through the jaw in infant operation for repair of cleft- 
palate. (Federspiel.) 


Expense.—While this factor should not be allowed to prevent the 
attainment of the ideal result, it must be considered. Hospital fees, 
together with surgeons’ fees, especially for a series of operations, usu- 
ally constitute an initial cost much greater than for a prosthetic 
appliance. When repairs to the appliance, renewals and probably 
remodeling in the course of time are considered, the total cost of 
prosthesis may readily approach or exceed that of surgery. More- 
over, there are many children’s clinics, endowed beds in hospitals 
and other charitable agencies established to provide surgical treatment 
and care for the young indigent. 


1 Brown: Oral Diseases and Malformations, 3d ed., Philadelphia, Lea & Febiger, 
p. 584. Federspiel: Int. Jour. Orthodont., 1918, p. 505. 
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On the other hand, very few clinics exist having either facilities or 
operators trained to palate prosthesis, and these, as a rule, do not 
receive the support of the charitable agencies. 

Prosthesis. — Advantages.—Palate prosthesis for either congenital or 
acquired defects may be undertaken at practically any age, a success- 
ful case being recorded for a child aged four years, in which surgery 
had not proven successful,! thus showing that it is feasible to make 
artificial palates even before the permanent teeth are erupted. Otto- 
lengui, in reporting this case, states, however, that the “codperation 
of the patient being of such importance, especially where lessons in 
articulation are to be given, it is best to wait until the fifth or sixth 
year.” | 

Indeed in adult life, and in many cases where surgery has not 
produced the desired result, it is often the only recourse. 

No loss of time from business or employment other than office visits 
is entailed, as would be the case with a term in hospital. Both the 
hospital and the anesthetic complications are avoided. 

For adults with cleft-palate the prosthetic appliance is usually com- 
bined with a partial or full denture, which is almost invariably needed. 
Thus a distinct benefit in masticating function is conferred. 

If the first appliance is not a success it can readily be modified or 
remodeled with slight inconvenience to the patient, whereas surgery 
is more or less final in its results, or if successive operations are needed 
the hospital and anesthetic complications are unavoidable with each one. 

Prosthesis. — Disadvantages.—With all palate appliances there is the 
necessity for constant care to preserve a degree of cleanliness, and to 
avoid unpleasant odor and taste. 

With those of the soft rubber velum type, frequent renewal is 
necessary. With all types there is liability to breakage, with conse- 
quent need for repairs, all more or less annoying and inconvenient in 
depriving the patient of the use of the appliance. Perhaps loss of 
valuable time may be involved through enforced absence from busi- 
ness or employment due to interference with restored speech, which 
may be impossible without the appliance. 

If the appliance is retained by some of the teeth, more or less 
injury to them is inevitable in time through erosion, abrasion and 
abnormal stress, and the ultimate loss of the teeth concerned in 
retaining the plate is to be expected. 

If the patient, either child or adult, has developed an imperfect 
speech, a new muscular coédrdination must be acquired. With an 
imperfect palate, the effort to reproduce the sounds made by others 
results in an abnormal use of throat muscles which becomes habitual, 
so that the old habit must first be broken before the patient can 
readily learn to talk. 

This constitutes a forceful argument for the early use of an appli- 
ance, if one must be resorted to, since’ the less firmly fixed such a 


1 Ottolengui: American System of Prosthetic Dentistry, 4th ed., 1913, p. 804. 
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habit is by reason of tender age, the less will the patient have to 
overcome, and since youth is the age of adaptability, the more readily 
will the new habit be acquired. 

Again, even though a certain proficiency of speech which makes the 
patient readily understood may be acquired with the aid of a prosthetic 
appliance, it is likely that some sounds will never be perfectly pro- 
duced. In addition, a certain lack of resonance in the tone of the voice 
a often be apparent, which in itself marks the individual’s speech 

“peculiar.” 

Beis a prosthetic appliance i in some form is often the only recourse, 
some of the disadvantages enumerated cannot be urged against its 
trial. They are mentioned merely as inherent defects or limitations 
which the patient must expect, and of which he should be fully 
informed, so that hopes impossible of fulfilment will not be entertained. 

Narlacted Cases.—While it seems to be generally conceded that 
surgery will greatly benefit, if not entirely correct, palate defects if 
undertaken early enough, and that its possibilities should be fully 

_ utilized; even if necessary to supplement it with a prosthesis later, cases 
which are neglected past infancy, perhaps to adolescence or young 
maturity, present a different problem. 

The fact that the developing bones have become more or less rigid 
and unyielding, often makes it impossible to bring about their union. 
Often the best result that may be expected is a bridge of soft tissue over 
the cleft, if it be an extensive one. This is apt to be tense and unyield- 
ing, so that subsequent bone development, muscular action and muscle 
development 1 in this region induced by attempts at speech all tend to 
rupture it, and may cause a recurrence of the cleft. Frequently in a 
final resort to an appliance it becomes necessary to sever this false 
roof and trim away cicatricial tissue, in order to make it possible for 
the appliance to be worn. Thus the work of the prosthetist is made 
more difficult, and the probability of ms success greatly lessened. 
Taking these factors into account, it is a serious question whether 
surgery for cleft-palate ought to be varies after early childhood. 

Prosthesis with all its disadvantages may best be resorted to at 
once in these cases. The teeth having been erupted are favorable to 
the retention of the appliance, and the condition of defective or 
missing teeth often accompanying palate defects renders the use of 
some appliance necessary in any event. 

Cases with small clefts and an abundance of soft tissue may present 
such favorable conditions as to indicate the choice of surgery even in 
adult life. Many adult cases, of course, can only be benefited by pros- 
thesis, except for closure of the harelip if present. 

These are general considerations, for it is obvious that no hard-and- 
fast rule may be established. 

In no ease should the choice be made without most careful and 
thorough consideration of all factors, both by the surgeon and the 
prosthetist also if possible. 
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Types of Appliances.—There are two distinct types of apparatus for 
closing cleft-palate—the artificial velum (Figs. 842 and 843) and the 
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Fic. 842.—Velum retained by plate. (Ottolengui.) 


Fia. 843.—Velum and plate, lateral view. (Ottolengui.) 


Fic. 844.—An obturator and plate made in separate units and assembled. (McGehee.) 


obturator (Fig. 844), differing both in the details of construction and 
in the manner in which they operate. 
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The obturator (Lat. obturare, to stop up) is an inflexible plug, or 
cover; a stopper to fill the opening, inelastic and held stationary in its 
place by the artificial denture, of which it may be either an attached 
or integral part. It is usually made of vulcanite, and hollow for 
lightness, and is by its nature adapted to closure of both hard and 
soft palate clefts.! 

The artificial velwm (Lat. velum, a veil) is, as the name implies, a 
flexible substitute for the movable soft palate. It is made of soft 
rubber and acts as a valve, under the control of and moving with the 
muscles, to perform the function of closing the air passages as required 
in speech and deglutition. It is not suited for use in perforations or 
clefts of the hard palate. 

The obturator in its present form is the result of the development 
of efforts to plug openings in the palate, principally those of acquired 
origin. Gradually these efforts were extended to the correction of 
congenital defects. These early attempts were among the first 
instances of such mechanisms being applied to the mouth, and may 
be traced back in history to a remote period. The first recorded 
description of such an appliance was by Ambrose Paré in 1541.’ 

The invention of the artificial velum is quite recent and is credited 
by Kingsley? to Delabarre, about 1810, for a case of acquired origin. 
Kingsley also mentions an artificial velum made by Snell (1823) as the 
first recorded attempt to close a congenital cleft-palate with an appli- 
anceé But to Kingsley himself undoubtedly belongs the credit for 
developing the artificial velum idea and making the device in a practical 
form. 

Materials.—While it may be said that anything which will close 
the palate opening, even a wad of cotton or a piece of sponge, is in 
effect an obturator, the more modern appliances depend for their 
success and durability on more permanent materials. Patients fre- 
quently resort to a plug of cotton or gauze for an acquired perforation, 
even of a considerable extent, and some of the early mechanisms 
_ depended on a piece of sponge to close the opening, the sponge in turn 
being held in place on an artificial denture by means of a metal clip. 

Metal construction of the obturator was later developed, for which 
the alloys of gold then in use for artificial dentures would naturally 
be utilized. When hard rubber or vulcanite was introduced (about 
1850) its advantages for this purpose, its lightness and ease of molding, 
were so apparent that it is now generally used for the obturator to the 
exclusion of the other materials, although the metal obturator together 
with the metal denture, possesses some advantages in resonance.” 

The development of the artificial velum is even more closely linked 
with the advent of vulcanized rubber, since no suitable material for 
it existed prior to that time. Delabarre’s velum of “gomme élas- 

1 Kingsley: Oral Deformities, 1880, p. 214. 


2 Tbid., p. 215. 3 Ibid., p. 259. 
4 Tbid., p. 261. 6 Ibid., p. 247. 
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tisque”’ (india-rubber) and Snell’s velum of the same material must 
have been very unsatisfactory, sticky and perishable articles without 
the familiar qualities imparted to soft rubber, as it is known today, 
by the use of sulphur. This in itself would be sufficient reason for 
the fact that little use was made of the idea until Kingsley utilized it. 
Having at his command the new material, soft vulcanizable rubber, 
made it possible for him to devise appliances not only successful in 
function but having a certain degree of durability and comparative ease 
of renewal, both of these features being most essential in determining 
the serviceability of the appliance. | 

Indications for Use of the Two Types. — While the artificial velum is by 
its nature restricted to use for clefts of the soft palate only, the obtura- 
tor may also be put to the same use, sometimes with equally as good 
or better results, and is the only recourse for closure of the hard palate 
cleft. When combined with an artificial velum that part of the sup- 
porting plate covering or filling the fissure in the hard palate constitutes 
the obturator. 

The conditions governing the choice of velum or obturator are 
concisely set forth in the conclusions quoted below,! which seem to be 
borne out by the experience of most workers and writers in this field 2 

“1. That in most cases of congenital defects the patient will acquire 
correct articulation more easily and more certainly with an elastic 
velum than with any other form of apparatus. 

“2. That in a majority of cases of the like defect a patient will never 
acquire distinct articulation with an obturator. 

“3. That where a patient has overcome the difficulty by wearing 
an artificial velum until clear and distinct articulation has been 
acquired, he may exchange the velum for an obturator and continue 
to articulate properly.” 

The decision as to the type of appliance to be applied in a given 
case for the best results involves: (1) A thorough knowledge of the 
normal anatomy of the missing or defective parts, and their function; 
(2) the intelligent comprehension of not only the principles upon which 
vela and obturators are constructed, but also the manner in which 
they operate; (3) the case history which will bring out such facts as 
the patient’s age, the nature of the defect (whether acquired or con- 
genital), operations if any, the time of the operation and the circum- 
stances surrounding it making for its success or failure. 

Functions.—The hard palate, composed of the bony structure and — 
the soft tissues overlying it, serves a dual purpose, namely, that of 
forming the floor of the nasal cavity and the roof of the oral cavity, 
and plays a large part in the tone of speech by its shape or curvature 
and qualities of resonance. 

The soft palate or natural velum is composed of the uvula (itself 
sometimes referred to as the soft palate) and the muscular layers of 


1 Kingsley: Oral Deformities, 1880, p. 239. 
* Ottolengui: American Text-book of Prosthetic Dentistry, 4th ed., 1913, p. 789. 
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tissue which extend from the posterior border of the hard palate back- 
ward and downward until they join the sides of the throat to form 
the pillars of the fauces. It has great mobility, imparted by its 
muscle fibers, and may be likened to a curtain hung in the junction of 
two passages, and capable of changing its position at will to close one 
passage entirely, leaving the other free. It performs several import- ‘ 
ant functions: 

1. To close the nasal passage in the act of deglutition, to prevent 
food from passing into the nares; also in coughing. 

2. In speech it also closes the nasal passages in the formation of 
many sounds which would otherwise have a nasal resonance if the 
column of air escaped into or through the nares. In fact it would be 


Fia. 845.—Nasal passage closed by contact of soft palate and posterior wall of pharynx. 
(Brown.) 


impossible to produce such articulate sounds in a form recognizable 
as speech without this function. In both of the foregoing the posterior 
wall of the pharynx rises and moves forward, forming a rounded 
ridge to meet the velum, which is at the same time drawn upward and 
backward to make its contact with the posterior wall of the pharynx 
(Fig. 845). In speech this act forces the vibrating air column through 
the mouth only, and the resultant sound is made clear and distinct, 
with a quality of tone otherwise impossible. 

3. To form a tense low arch meeting the posterior part of the 
tongue when that organ is drawn upward, thus closing the oral pas- 
sage, and leaving the nasal passage free. This function is utilized 
when retaining liquid or air in the mouth while continuing to breathe 
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through the nose, and is essential in the formation of certain sounds, 
g, as in go, ng, k, for instance (Fig. 846). 

A cleft in the palate, therefore, deprives the patient of the ability 
to cut off communication between the oral and. nasal cavities, thus 
interfering with deglutition, and rendering this organ of speech so 
defective as to be incapable of producing a large number of the sounds 
most essential to speech. 

From the above it will be seen that, in order to produce the sounds 
which the cleft prevented, any substitute must: (1) Afford means to 
close the nasal passage definitely and with sufficient completeness to 
interrupt and direct the column of air set in vibration in the larynx, as 
it issues from the throat; and (2) restore the normal arch or vault of the 


4 


Fic. 846.—Tongue and palate in contact in formation of consonant sounds of g, ng, k. 
(Brown.) 


hard palate to give resonance to the tone thus produced. ‘This last 
function is that of the appliance covering the roof of the mouth and 
carrying the obturator or velum, and for this purpose a metal denture 
is to be preferred. 
The first function is performed by either the obturator or the 
artificial velum, but their methods of operation are radically different. 
The obturator in its true form, that is, rigidly attached to the denture, 
merely provides a plug thick enough to stop the gap between the defec- 
tive parts of the soft palate and long enough so that the posterior wall 
of the pharynx can come in contact with it. 
_In repose it may not entirely fill the gap, but in speech or degluti- 
tion the muscles of the soft palate cause the divided parts to come into 
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contact with and to slide along its sides, which are purposely made 
wide enough so that the parts cannot slip off, either above or below. 

Thus, between the action of a normal pharynx working against its 
end and the action of the defective soft palate working against its 
sides, occlusion of the posterior nares at the will of the patient is 
assured, which is the first and most essential requisite to speech resto- 
ration. Therefore it may be said that while the obturator performs 
no natural function within itself, it acts as a compensating adjunct 
to enable the defective parts to function. 

The artificial velum, on the contrary, is so designed that it assumes 
the function of the missing part which it replaces, and in conformity 
with this principle, its essential features are flexibility and elasticity, 
in order that it may act as nearly as possible in the same manner as does 
a normal soft palate. 

The thin septum with which the gap is bridged is supplemented by 
flaps or lips at the sides forming a pronounced longitudinal groove, in 
which the divided soft tissues lie, and in the active state actually grasp 
the instrument, moving it as they move, and altering the curvature 
of its surface as occasion demands. The posterior border, also being 
thin and flexible, conforms itself to the pharyngeal wall, curling 
slightly at the edge when the two are brought into contact. 

On the whole, much less muscular activity is required in the use of 
the velum than the obturator, which no doubt is the principal factor 
in the more ready acquirement of speech with it. Then as the muscles 
become developed and are wren more definite control, the obturator 
serves the purpose. 

The principal object sought in making an artificial palate is either 
acquirement of speech or the improvement of defective speech. There- 
fore, since it has been shown that the artificial velum functions more 
naturally than the obturator, offers less resistance to the muscles, in 
fact, moves with them, and permits more rapid acquirement of speech, 
it is evident that it is the appliance indicated for the majority of cases 
in the beginning. 

These advantages are sufficient to is the greater difficulties 
involved in its construction and its lack of permanency, and the sub- 
stitution of the obturator later is always possible. With this in 
mind, Dr. Case designed what he termed a velum-obturator, made 
first of soft rubber and later replaced with hard rubber in the same 
form, which will be described in succeeding pages. Dr. Ottolengui 
also reports the successful use of the same type of appliance. 

Training and Environment.—The success of an appliance in speech 
is dependent on several factors other than its fit and its adaptability 
to the case. Among these may be mentioned the following: 

- Age.—The age of the patient, children being more adaptable, as a 
rule, than adults, though possessing less determination in wearing an 
appliance which causes even temporary inconvenience. 
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Mentality.— The intelligence of the patient, together with keenness of 
observation of others in their manner of speech, will contribute largely 
to the success attained. The patient’s ambition also, if aroused, will 
foster the determination necessary, and reinforce his perseverance. 

Environment.—Since imitation is essential to the acquirement of 
speech, it is extremely important that the patient have an environ- 
ment in which he hears good speech, clearly. enunciated. Trained 
singers are apt to be free from careless habits of pronunciation, such 
as slurring or omission of word endings, and to have well-defined 


consonant sounds, which are the most difficult for the cleft-palate | 


patient. 

raining. —Given all the above favorable conditions, specific and 
systematic training, except in the rarest instances, is still an indispens- 
able and essential feature. So important is training considered that 
Makuen states! that ‘‘ Training will do more for the improvement of 
speech than will the operation (for cleft-palate). A patient who can 
have the advantage of but one of the two procedures can probably be 
given better speech by the training alone than by the operation alone.” 

Dr. V. P. Blair, of St. Louis, has the following to say regarding 
“cleft-palate speech” and “speech training:” 

“When a person has learned to speak with a cleft in the velum, 
even after the most perfect operation, there will remain the stigma of 
the ‘cleft-palate’ speech, which is due to the escape of air through 
the nasopharynx during the effort at producing sounds that require its 
closure. This is due to two causes: The cleft velum is shorter than 
the normal velum, and this defect is seldom remedied by the operation; 
further, the patient who has learned to speak with a cleft velum must 
be educated to the proper use of the newly reconstructed one. In some 
cases in the presence of a cleft, by diligent effort, the patient will 
develop the use of the superior constrictor muscle to an ultra-normal 
degree. Such persons will give the best postoperative results, both 
on account of the muscular control that has been acquired and because 
the same determination that produced this control will be helpful in 
mastering the use of the new palate. This also applies to obturators.? 
Several schemes of postoperative speech training have been devised, 
among which is the teaching of a foreign language that has not been 


previously attempted by the pupil. A simple and rather effective plan, 


devised by Bigelow, is given below, and is the one we employ. 

“Begin with the only consonant which a patient can usually best 
articulate, namely ¢ in tar, and gradually lead to the rest, constantly 
referring to the acquired ¢ as a point of departure. 


“The great difficulty in pronouncing correctly with a cleft-palate is 


in distinguishing the nasals from the mutes: Thus p-b from m; pap 
or bab from mam; t-d from n; tat from nan; k-g (hard) from ng. Tar 
is well pronounced by most beginners with an obturator. 


1 Brophy: Oral Surgery, 1916, p. 734. 
2 Italicized by E. H. M. 
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“When the begifner can pronounce stark and car he has the key to 
most of what here follows. The above words should be practised 
carefully and should be spoken loudly, or as the elocutionists say, 
‘exploded.’ 

“1 —tar artar kar arkgar kar. 
“9—kar arkar arkgar kgar gar. 
“3 —kar arkar arkdar kdar dar. 
“Akar arkar arkpar kpar par. 
“5—kar arkar arkbar kbar bar. 
“6—kar arkar arklar klar lar. 
“7 __kar arkar arksar ksar sar. 
“Practise all the above with the following vowels: 
“8—o as in coke. | 
“Thus, instead of kar, akar, ko-oko-oklo—-klo—lo. 
“Q—a, long as in cake. 

“10—7 as in kite. 

“11—e as in keep. 

“12—w as in sutt. 

“13_—kar arkar arngar arkar arngar kar ngar bar mar. 

“14—tar artar arnar artar arnar tar nar dar mar. 

“15—par arpar armar arpar armar par mar sar rar. 

“Practise reading loudly from a book. 

“A patient, painstaking teacher and a docile earnest pupil are two 
factors that go a long way toward success.’” 

The fact referred to above, that a patient who has learned to speak 
with a cleft velum must be educated to the proper use of the recon- 
structed one, holds good also in the use of an artificial palate. For 
the successful production of speech with such an appliance, training 
will be found more necessary and difficult with the patient, child or 
adult who has acquired imperfect speech, than with the child who has 
not made such attempts. In either case the defective palate is unable 
to form the sounds correctly, but repeated attempts to do so result in 
a more or less established codrdination of motor nerve impulses and 
abnormal muscular activity. This habit hampers the patient in learn- 
ing to control and use the muscles with an artificial palate in a manner 
which, if it cannot be called normal, is at least essential to the operation 
of the appliance. Moreover, to add to the difficulty, the patient’s 
ear becomes accustomed to the sounds he makes, so that he 1s, to a 
certain extent, unable to distinguish between these faulty forms of 
speech and the correct ones. 

The kind of training depends largely on the age of the patient and 
his environment, but must be of the most elementary character in the 
beginning, as pointed out by Bigelow in the lines just quoted, and 
quite similar to that for other speech defects. The simplest sounds 
must be undertaken one at a time, and it is evident that the patient 


1 Blair: Surgery and Diseases of the Mouth and Jaws, 3d ed., 1920, p. 245. 
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must be taught first to recognize the correct sound before he can learn 
to produce it correctly. 
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Fia. 847.—Diagrams illustrating the physiological alphabet, showing the relative 
positions of the soft palate and tongue in the formation of the consonant sounds indi- 
cated by the letters. (New York Medical Journal.) 
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The vowel sounds can usually be uttered by the patient with a cleft- 
palate, but not distinctly. When their resonance and pitch have 
been improved with the instrument in place, a feeling of confidence 
is gained which will encourage the patient in further efforts with the 
consonants. Many of these are so much alike, even when uttered 
perfectly, and the manner of their formation is so similar, that the 
patient will only be confused if the attempt is made to establish the 
finer distinctions at first. Words beginning with & or g, or w and 2, or 
b and f, present this similarity in the formation of the initial letter. 

Reference to the accompanying diagrams shows in a graphic manner 
the tongue and palate relations in the formation of consonant sounds 
(Fig. 847). 

The subject of defective-speech training in itself constitutes an 
extensive and difficult problem which is receiving the increasing 
attention of the educational authorities in training teachers especially 
for that work. If the cleft-palate patient cannot have the services of 
such a teacher, nor of a teacher of vocal music, it is essential to enlist 
the aid and codperation of parents to the end that whatever training 
is undertaken be simple and gradual, also that an environment of. 
careful and precise speech be provided if possible. 
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The production of a prosthetic appliance for a cleft-palate consists 
of several steps or stages, including the following: (1) The examina- 
tion or survey of the mouth; (2) securing the impressions for record 
casts and for working casts; (3) the making of the casts; (4) molding 
and carving the models or patterns for the artificial palate and for the 
denture; (5) making the molds; (6) the production and assemblage of 
the component parts. These procedures will be taken up in this 
sequence in the following pages. } 

Examination and Preliminary Treatment.—After the decision has 
been reached as to the type of appliance to be used for a cleft-palate, 
which may require only a superficial examination, it is imperative 
that a thorough examination be made preliminary to undertaking the 
actual construction work. This should be a detailed survey, including 
not only the consideration of all the physical conditions present, but 
a plan of the appliance itself. 

Under physical considerations, the anatomy of the parts and the 
degree of abnormality must be noted. Even if all the teeth be present 
and in good condition, which is seldom the case in cleft-palate patients, 
it will be necessary to compare the width of the arch, its shape and 
curvature and its symmetry with the normal. The height and curva- 
ture of the vault or roof, as determined by those portions that are 
present, must be carefully noted, and an estimate made’ of what 
would be a normal vault for the case. It may be necessary to arbi- 
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trarily establish the height and curve of the vault in the appliance to 
be constructed. 

The number and condition of the teeth present must be considered 
from several standpoints, among which of paramount importance, and 
demanding about equal consideration, are the possibilities of their use 
for the retention of the cleft-palate mechanism, and for the normal 
function of mastication. If the cleft be of slight extent and of such 
a nature that it may be corrected by a velum which can be ultimately 
retained by the sides of the cleft alone as advocated by Case, the teeth 
need receive little consideration as a means of retention for the appli- 
ance. If, on the other hand, the cleft be an extensive one, requiring 
both a denture and an obturator or velum, then the remaining teeth 
must be called upon for a large share in the successful retention of the 
apparatus, while at the same time their masticating function is con- 
served. In order to disclose their physical capabilities for such dual 
service, a knowledge of the number, direction, length and shape of 
their roots is essential. This, of course, can best be gained by the use 
of the roentgen ray. 

Another point in the consideration of the teeth present, is their con- 
dition with regard to caries and possible pulp involvement, or the 
extreme condition of apical abscess, which again makes the use of the 
roentgen ray imperative. 

It is evident that it would be folly to depend upon teeth for retention 
of the denture and palate mechanism which have any chronic involve- 
ment of the peridental membrane, either in the apical region or more 
generally as the result of so-called pyorrhea. 

The roentgen ray examination should in no case be omitted, even if 
a full complement of teeth be present, or even if none are visible and 
the mouth is apparently edentulous. The existence of supernumerary 
and malposed teeth in conjunction with cleft-palate is so well known 
as to make it evident that they may be present in either of the condi- 
tions just mentioned in such positions as to seriously interfere with the 
prosthetic appliance by their partial eruption later. 

In order that the design of the apparatus may be made quite definite 
at this time and to reduce the risk of inconvenient changes later, before 
taking the impression, it is essential to determine which teeth must be 
removed and which may be retained to advantage. To this end, all 
pathological conditions, including caries, and involvement of pulp or 
pericementum must be noted and receive the necessary treatment to 
effect a cure, or extraction resorted to if indicated. All restorative 
work upon fhe individual teeth, such as root-canal treatment, cavity 
fillings, crowns or inlays carrying frictional attachment devices, should 
also be completed before taking the i impression for the denture or other 
retainer for the artificial palate. This is in conformity with the 
approved practice in all denture work. 

In certain cases, at the discretion of the operator, it will be found 
convenient while the restorative work is being done upon the teeth, 
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to take impressions of the cleft alone, for the purpose of study, or to 
proceed with the making of the velum or obturator, to be combined 
with the denture later. 

In edentulous cases preliminary treatment is indicated in the surgical 
removal of pendulous or flabby tissue along the alveolar ridges, or of 
bony prominences, especially in the anterior region, where they may 
interfere with the proper setting of the artificial teeth; also the removal 
of any teeth under the mucosa in positions where they are at all likely 
to interfere with the denture later. 

Impression Materials.—Those in ordinary use, namely, plaster of 
Paris and modeling compound, will meet practically all of the require- 
ments in cleft-palate work. Wax, formerly used for building up or 
extending impression trays, and for certain parts of the impression, is 
now replaced to better advantage by modeling compound. Of the 
several varieties of the latter on the market, two are especially useful 
for these purposes. The S. S. White product, black in color, known 
as tray-forming compound, is, as the name implies, especially adapted 
to the purpose of molding an entire tray for the insertion of plaster in 
taking the impression proper, or for extending the edges of metal trays. 
The Kerr Perfection Compound, attaining the maximum of softness at. 
a comparatively low heat, and hardening readily, is particularly 
adapted for use in the cleft impression and for obtaining the fine 
detail in the vault and around the teeth. 

Plaster of the quick-setting variety, known as impression plaster by 
manufactures and dealers, is needed for certain parts of the impres- 
sion. In some cases it will be found that compound will not yield the 
desired result in the cleft impression and plaster must be employed. 
If the impression be taken in sections, or with a core, as is most fre- 
quently necessary and desirable, or if a base-plate has been made 
first to carry an extension impression into the cleft, plaster is necessary 
for the final impression including the teeth, in order to secure fine 
detail without distortion. In other instances, for example, where a 
velum is to be constructed and it is necessary to include some of the 
upper or pharyngeal surface of the soft tissues bordering the cleft, a 
core of compound is advantageously used to carry a small amount of 
plaster to this area and to hold it there while setting, thus minimizing 
the quantity of plaster and controlling its flow. 

Impression Plaster Compounds.—In addition to the finely ground, 
quick-setting plaster for impressions, compounds of plaster generally 
known as self-separating plaster have come into more or less general 
use. (See chapter on Impressions of the Mouth.) This can be advan- 
tageously utilized for cleft-palate work. Such a compound is par- 
ticularly useful where deep undercuts exist, which make separation of 
the impression from the cast by other methods difficult and increase 
the danger of mutilation of the cast. 

Study Models.—F or purposes of preliminary study and as a perma- 
nent record, it is advisable to make casts of both the upper and lower 
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jaws, for which the impressions should be taken before those from 
which the appliance is to be’produced. While such study impressions 
need not be given so much time nor show so much of detail as the 
working impressions, their making will often reveal difficulties and 
suggest means to overcome them in the working impressions. 

“ Gagging’ is one of the most serious difficulties met with in these 
cases. Almost invariably this occurs during the impression work, 
and in some instances when the appliance is first inserted. (See 
“Gagging and Means to Overcome,” in chapter on Impressions of the 
Mouth.) The preliminary impression may be sufficient to overcome 
this as the patient becomes accustomed to manipulation and to the 
presence of a foreign body in contact with the soft palate. It will also 
reveal the extent of muscular activity and control, thus indicating the 
amount of assistance the patient may be expected to give in the final 
impression by voluntary manipulation of the muscles. 

The casts obtained from the preliminary impressions may first be 
used for study of the case, and then preserved as permanent records. 
For this purpose they should be made of a hard, slow-setting plaster, 
appropriately trimmed and the necessary numbers, names and dates 
marked on them. By means of them many details of the later work 
can be determined, such as: The area of the palate to be included 
in the working impression; the size, shape and kind of tray to use; the 
occlusion of the teeth together with the antero-posterior relation of 
the two jaws; the area to be covered by the denture; the location and 
reciprocal balance of the retaining devices. 


Fie. 848. 


Infant Impressions.— For the purposes of study prior to operation 
and for record casts accompanying the case history, casts of infant 
cleft-palate cases are frequently required. It is desirable that such 
casts include not only the cleft-palate and the alveolar ridges, but the 
lip cleft and its relation to the nose as well; in other words, a combi- 
nation of partial face mask and oral impression. 

Since the surgeon’s training does not include such difficult impres- 
sion work, the aid of the dentist is often enlisted for this purpose. To 
secure the impressions for such casts, the author has used the following 
simplified technic successfully for infants-of from forty-eight hours to 
six months of age: 
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No tray is\used, merely a piece of heavy sheet tin (not tin plate) 
about + inch thick, 1} inches wide and 4% inches long, shaped like a 
wooden tongue blade (Fig. 848). Modeling compound is built on 
this to take the impression in the mouth, including the palate cleft, 
the lip fissure and the border of the lip. Plaster is contraindicated 
for this part of the impression as being positively dangerous, since 
fragments of it might easily become detached and drawn into the 
lungs during crying. The assistance of the nurse is required in helping 
to hold the head, the child being laid on its back on a padded table. 

The modeling compound impression is trimmed or additions made 
to it as necessary, with frequent reinsertions, until the desired area is 
included to the satisfaction of the operator. 


Fig. 849.—Mouth impression and partial face impression finished, ready to assemble. 
Blackened area of face impression registers with whitened area of mouth impression. 


Usually the impression at this stage will extend into the lip fissure 
and well up into the nostril, or both nostrils if the harelip is bilateral. 
This is laid aside while a sheet of softened wax or modeling compound 
is molded to conform somewhat to the nose, the adjoining lip and cheek 
areas, and to include the eyes if desired (Figs. 849). Up to this point 
the child usually does not struggle, or, after a brief period of fretful 
crying in the beginning, remains quiet unless the operation be unduly 
prolonged. 

After oiling the face, and plugging the nostrils with bits of oiled 
gauze secured on long ligatures, the modeling compound impression is 
put in place. While the nurse holds the impression, the operator 
mixes quick-setting plaster, using an accelerator also, fills the face 
mold and carries it to place, the base resting on the handle of the 
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Fig. 850.— Mouth impression and face impression assembled. 


Fig. 851.—Infant cast, obtained from impression shown in Figs. 849 and 850. 


Fic. 852.—Infant cast, bilateral harelip and cleft-palate, obtained from composite 
impression. 
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improvised tray. The soft plaster flows over this handle and the 
edge of the lip, joining with the impression in the mouth. As soon 
as it sets sufficiently to fracture sharply, which should not require 
more than a minute and a half, the face impression is easily removed, 
and the mouth impression is withdrawn separately. During this stage 
the child must breathe through the mouth, and will usually struggle, 
and the assistance of the nurse is sometimes required to draw the 
tongue forward or hold it down with a tongue blade to permit air to 
enter. 

The two parts of the impression (Figs. 849 and 850) are easily joined, 
as there is a definite relation established by the plaster in contact 
with the handle of the tray. When suitably secured in this relation 
and surrounded by a matrix of wax or oiled paper the interior of the 
composite impression 1s varnished and the cast poured in the usual 
manner (Figs. 851 and 852). 

Materials for Casts, Models and Molds.—For study and record casts, 
ordinary plaster is well adapted. For the working casts one of the 
“hard” plasters or plaster compounds which have recently come into 
more general use, such as Weinstein’s or Healy’s “artificial stone,” 
Calsilith, or Spence’s plaster compound should be used. (See chapter 
on Casts and Models.) For models or patterns of the obturator or 
velum itself, base-plate wax permits of modeling and carving on the 
cast with comparative ease and will maintain its form fairly well for 
brief periods when tried in the mouth. Modeling compound, such as 
is used for the impressions, can be used also for this purpose to very 
good advantage. It is somewhat more difficult to mold on the cast 
and to carve, but will maintain its form indefinitely for trial in the 
mouth. Prepared modeling clay or wax, known as plastine or plasti- 
cine, is found useful in producing a tentative trial form or one for 
demonstration purposes, but has an odor and taste, which makes it 
somewhat impractical for trial in the mouth. It can be molded on 
the cast and additions made to it with greater ease than either the 
wax or the compound. It can readily be given a smooth surface and 
a pattern made from it can be “invested”’ in the flask for reproduction 
in vuleanite, or used as a pattern for producing a mold with any of 
the plaster compounds or magnesium oxychloride. It takes varnishes 
readily, and when it is to be invested a coat or two of sandarac, laid 
on with a brush and given time to dry thoroughly, will insure a smooth 
glossy surface on the plaster poured against it. 

The mold in which the velum is to be vulcanized, if intended for 
repeated use, that is to say, a permanent mold, is usually made of 
metal. 

For this purpose tin, Babbitt’s metal or type metal are used. In 
making a trial velum, the form of which may need to be materially 
changed later, hard plaster will serve equally well if covered with tin- 
foil. (See chapter on Vulcanite.) The mold for an obturator, which 
will probably need renewal only at long intervals of several years, 
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is usually made of plaster, which is, of course, destroyed during vul- 
canization. The use of Sorel cement (magnesium oxychloride) has 
been suggested for both of the above purposes. It can be poured into 
impressions in the same manner as plaster when confined by peripheral 
walls supplied by a sheet of wax or metal, its surface has a high gloss 
and, when thoroughly set, it can be vulcanized upon without any 
apparent effect on its density or hardness. Its use for the velum mold 
would very greatly simplify the procedure, as it would permit the 
making of the mold in two parts instead of three, as usually required 
when made of metal, and also obviate the necessity for making plaster 
models of the separate parts in order to reproduce them in metal. 

Construction Details.—'The simplest form of palate apparatus is that 
of a vuleanite plate incorporating a plug or obturator for an acquired 
perforation. Many of the details of its construction are identical 
with similar steps in the making of the more complicated devices for 
congenital cleft-palates. So far as they are applicable they may be 
considered fundamental. 

Therefore the following description of these steps will serve for 
both types, and the variations necessary in constructing the velum 
and. obturator proper will be noted later. 

To make a plate-obturator for a small circumscribed perforation 
only a simple impression is needed, and any tray that will approximate 
the curvature of the vault will serve the purpose. For an extensive 
palate perforation, it is best to adapt and trim such a tray to fit the 
mouth, especially if the mouth be edentulous. (See chapter on 
Impressions.) In such cases it is often of great advantage to take an 
impression, paying but little attention to that part entering the per- 
foration except. to trim it away. 

From this a cast and vulcanite base-plate are made, the base-plate 
being used as a tray on which to build and adapt the compound for 
perfecting the impression of the perforation. This part is reproduced 
in vulcanite when the teeth are mounted in the second vulcanization. 
For such impressions modeling compound is best suited, as it can be 
added to or modified in repeated trials. Withdrawing it from the 
perforation before it is fully hardened when inserted the first time 
avoids the possibility of a mass, too large to pass through the opening, 
becoming set in the nasal cavity, as might readily occur with plaster. 
Any surplus which extends into the nasal cavity should be cut away, 
leaving only a flattened plug or drum level with or even below the nasal 
. floor. In case it is desired to derive some retention from the plug, it 
must be thicker, with its edges slightly hollowed to form a groove 
fitting the border of the opening. The elasticity of the tissues permits 
the insertion of the tight-fitting plug, but it must not exert any pres- 
sure when in place, otherwise rapid resorption of the border of the 
opening may occur (Fig. 853). 

If some of the teeth are present and are to be used for retention, 
the impression need include only their lingual aspects and the rounded 


TECHNICAL PROCEDURES (27 


border of the perforation. After trimming the trial impression to 
these limits, additions of compound are made by “tracing on” at points 
where needed, and the impression perfected by reinsertion as many 
times as necessary. 

In this case any devices such as clasps or other frictional attach- 
ments for retention are to be made separately. After the base-plate 
is made, and is in place in the mouth, the attachments are mounted 
on the teeth and their relation to the base-plate established by a 
second impression of plaster, including all the teeth and contiguous 
portions of the base-plate. When removed from the mouth and 
reassembled, the plaster parts and the base-plate constitute a com- 
posite impression from which the cast is made. The details of taking 


Fic. 853.—Cast aluminum upper denture with plug obturator for acquired perforation 
(surgical). Retained in conjunction with lower by coiled springs. (Wilson.) 


the bite and mounting the teeth are then carried out in the usual 
manner. The base-plate may be either included in the second vul- 
canization and new rubber added, or, preferably, discarded and 
replaced by new rubber entirely. In order to follow the latter plan, 
all “undercuts” must be omitted from the palate surface of the first 
impression and base-plate, until the base-plate is fitted in the mouth, 
at which time all details of the border of the perforation are obtained 
by the addition of compound as previously described, which then 
becomes a part of the composite impression and may be removed 
from the second cast without difficulty when softened by heat. 

The procedure described above for obtaining the impression and 
afterward establishing the relation of the remaining teeth and reten- 
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tion devices to the base-plate portion of the denture in two stages 
conforms to accepted practice in constructing partial dentures. It 
simplifies the impression-taking to a great extent, and promotes accu- 
racy. It is thoroughly endorsed by the author as being applicable 
not only to the construction of the comparatively simple denture- 
obturators for acquired palate lesions, but also to similar parts of the 
mechanism required to serve the dual purpose of retaining a velum or 
obturator and restoring impaired masticating function in congenital 
cleft-palate cases. 

The variations necessary for metal base-plate construction will be 
obvious, since the method described involves the use of the vulcanite 
base-plate in precisely the same manner as a metal base. : 

No consideration is given here to extensive palate lesions including 
the loss of large portions of the maxillary bones, as this more properly 
belongs under the head of Facial Prosthesis. 

Many ingenious devices for this purpose have been developed as a 
result of experience in the World War, including frames and bars for 
replacing portions of both the maxille and the mandible, as well as 
masks of metal and plastic restorations of portions of the face and 
missing features. 

The study of these is an extensive and extremely interesting subject 
in itself. | | 

For the production of an artificial palate for a congenital cleft, with 
the necessary retaining mechanism, two general plans are followed. 
One of these, and probably the original method for an obturator which 
is an integral part of a vulcanite denture, consists in securing a cast of 
the parts involved including the cleft. On this cast, patterns in wax 
of the obturator portion are formed and made continuous with the 
plate used for retaining purposes in the respective areas to be occupied 
by each. These are reproduced in hard rubber by vulcanizing on the 
original cast, thus destroying it (Fig. 854). 


Fic. 854.—Obturator for a cleft-palate, Suersen type. (Warnekros.) 


More recently it has been recognized that this procedure was not 
entirely satisfactory, since the obturator must fit tissues that move, 
while the denture rests upon a fixed base. To secure in one im- 
pression an accurate reproduction of the vault and the entire dental 
arch involves great difficulty. Moreover, the cast from such an 
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impression represents the borders of the cleft in a contracted position. 
Due to the sensitiveness of these tissues, contact with the impression 
material causes the muscles to draw the soft palate upward and 
backward, partly closing the cleft, while the impression tends to 
increase this effect by pressing the tissues back. It has been shown 
that it is desirable to have a cast representing the borders of the cleft 
in their relaxed position and the posterior wall of the pharynx in its 
contracted state. 

Such a cast can be produced in two stages as follows: The first cast 
secured, and which represents the palate in its contracted state, is 
used as a guide on which to mold a mass of plastic impression material 
in the area representing the parts that move, together with a tem- 
porary base-plate, the two being held together by a wire frame in. the 
form of an extension from the posterior border of the base-plate, made 
separable, with sockets in which the frame may be fitted. This mass 
can then be carried to the mouth for modification, where by trimming 
or adding to it, as indicated by repeated trials and observation of the 
muscles in action, it can finally be made to represent the parts in the 
desired condition. ‘This partial second impression has thus in reality 
become virtually a model or pattern of the part to be supplied for the 
cleft. When returned to the cast on which it was molded and new 
plaster poured around it, a composite cast is produced upon which 
the relative positions of the teeth, the base-plate and the artificial 
palate may be observed and reproduced at will. The wax patterns 
for these parts are then perfected and removed for reproduction sepa- 
rately, during which process the necessary artificial teeth and retention 
devices such as clasps are incorporated. The denture and palate are 
then assembled and fastened together by some form of bolt or screw, 
sometimes requiring another impression to accurately establish their 
relations in the mouth. | 

These complications in securing the composite cast and final assem- 
bly have naturally and logically led to the more rational plan of com- 
pleting the denture or other supporting part first, and then making 
the artificial palate as an extension or addition to it. This plan pre- 
sents so many advantages and simplifies the impression technic to such 
an extent that it is given in detail. 

This description applies to the making of a hollow vulcanite bulb 
and a vulcanite denture for a case in which the cleft extends through 
the soft palate and into the hard palate, but the technic is easily modi- 
fied as indicated for use with a metal plate, or for a cleft in the soft 
palate only, or to make a soft rubber velum. 

It is assumed that a study model including the cleft in the soft palate 
has been made. With this at hand, a careful examination of the 
mouth is made to determine the dividing line in the posterior part of 
the vault between the tissues that move by muscular action and those ~ 
which are stationary. Watching the muscle movements while the 
patient attempts to utter the vowel sounds with the mouth widely 
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opened, will afford an approximate idea of the amount of muscular 
movement and the limits to which it extends. 

A somewhat different action will be elicited by touching the soft 
palate with a blunt instrument, or by directing a fine stream of cold 
water against it from a water syringe, thus causing the patient to begin 
the act of swallowing. From these observations and by sketching on 
the model the relative positions of the soft movable parts and the 


hard tissues, the line is determined along which the posterior border 


of the proposed plate is to terminate. 
A tray is adapted to include this area, the impressions taken and 


the denture produced as previously described, with the necessary — 


retaining devices and artificial teeth. If the denture is to be made of 
metal, the plaster model from which the die is made must have the 
cleft filled in with wax, so that the denture will bridge the cleft and 
not enter it. 


Fria. 855.—Frame with clasps, used to support an obturator. (Wilson.) 


When no artificial teeth are needed, or if they can be supplied to 
better advantage by a bridge, then the structure for supporting the 
artificial palate should be of the smallest size possible to afford the 
necessary strength; or it may be a mere frame carrying the retention 
devices, so that no appreciable area of the roof of the mouth is covered. 

Such a frame as shown for reénforcing a vulcanite denture can be 
made to serve this purpose by modification of the piece extending 
posteriorly so that the palate may be fastened to it, by making this 
piece wider and flat to receive a screw hole (Fig. 855). | 

During the making of the denture, means are provided near its pos- 
terior border for the attachment of the extension which supports or 
incorporates the artificial palate as follows: 
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Some small round-head screws with square nuts are obtained from 
a dealer handling supplies for small machine-work and model-makers. 

Flat-head screws may be used, but provision must be made for 
countersinking them when finishing the work, which involves unneces- 
sary complication. The sizes known as No. 1, with 72 threads per 
inch, and No. 2, with 56 threads per inch, are suitable. They may be 
had in brass which can be heavily gold-plated to prevent oxidation. 
No. 1 is approximately 14-gauge diameter and No. 2 is 12-gauge. 

Similar screws of the flat-head variety may easily be made to order 
by the prosthetist, of clasp gold or other alloy if preferred, with the 
aid of a small screw-plate and a little swaging tool. 

The screw-plate or die and the corresponding size tap may be 
obtained from the dealer and the swaging tool made from a piece of 
square rod steel + or 37 inch in diameter. The rod is drilled near 
one end with a hole the size of the screw to be made. - With a large 
round bur of the size desired for the finished screw head, this hole is 
countersunk on one side to half the diameter of the bur. 

The same bur being used later to countersink the screw in the work 
simplifies matters and insures a good fit. 

To make a screw, a length of wire is threaded in the die, and a piece 
cut off somewhat longer than the length desired for the finished screw. 


Fic. 856.—Swaging tool and a cross-section of same, with screws in different stages of 
construction. 


One end of this is “balled up” by melting in the Bunsen flame, or 
solder flowed upon it to form a head. ‘To give the head the proper 
shape it is only necessary to hammer it down in the swaging tool so 
that it conforms to the countersunk part and file it off flat, even with 
the surface of the tool. The slot is then cut with a jeweler’s saw 
(Fig. 856). The nut can be made of any shape wanted by cutting a 
piece from gold plate of the required thickness, drilling a hole and 
tapping the thread. 

While waxing up the base-plate pattern, a square or rectangular nut, 
is embedded in the wax near the posterior border, in that portion 
which is thickest where it extends into the cleft in the hard palate. 
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The nut should be grooved on its edges with a file or stone for reten- 
tion in the rubber, or bits of plate soldered on it for this purpose. 
The thickened portion of the base-plate where it enters the cleft should 
be trimmed down from the nasal side until it is only of sufficient bulk 
to afford secure retention for the nut when vulcanized, and shaped into 
a triangular ridge extending antero-posteriorly. The anterior part of 
the obturator will cover this ridge. 

The screw is inserted in the nut and through the wax, with its head 
extending on the lingual surface + inch or more. When flasked and 
the wax removed, the nut will be held by the screw so that rubber 
can be packed around it. If the protruding part is wrapped with a 
bit of tin-foil the screw can be readily removed after vulcanization. — 

With a metal denture it is only necessary to solder the nut to the 
nasal surface, its rectangular form providing a definite means of 
registering the position of the obturator and preventing its rotation 
on the denture. } | 

A tongue or extension of brass, 18 gauge in thickness, + inch wide and 
long enough to overlap on the posterior border of the denture about 
3 to 2 inch and to extend well back into the cleft, is fitted and a hole 
drilled to admit the screw near its anterior end. This extension is to 
carry the impression material for the cleft, and should be bent to con- 
form to the antero-posterior curve of the tissues of the soft palate. 
If for a narrow cleft, it may be merely a rectangular piece of metal © 
(Fig. 857), but for a wide cleft it can easily be made wider and forked 
to give better support to the larger amount of impression material 
required (Fig. 858). 


Fia. 857.—Vuleanite denture with éxtension bolted on. 


The extension is bolted on the nasal surface of the denture with a 
loose nut above and the screw head below on the lingual surface, so 
that it may be reached with a screw-driver when in the mouth (Figs. 
857 and 859). Impression compound is built over and around the ex- 
tension and as far forward as necessary on the nasal surface of the den- 
ture. By repeatedly softening and inserting in the mouth, trimming or 
adding compound as indicated, and with the assistance of the patient 
in exerting muscular force if possible upon the material when at its 
softest stage, an approximate model of the obturator or velum is 
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obtained (Fig. 860). This may be left bolted to the denture. and worn 
by the patient temporarily with the warning to avoid hot liquids. 


Fic. 858.—Three forms of extensions. 


Fic. 859.—Cross-section of vuleanite base-plate, with embedded nut. Screw and 
extension in place, secured by nut on nasal surface. i 


L 

Fria. 860.—Denture with ale of RR eee oe i in compound, separated, ready to flask 
model for vulcanizing. When finished the obturator will be secured by the screw in 
the relative position shown. 
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Such a trial may suggest changes in size or shape or verify the cor- 
rectness of the trial model. 

The modeling compound, even in as soft a state as it can be handled, 
offers some resistance so that the weak palate muscles cannot close 
through it to their fullest extent. Consequently it must usually be 
carved to smaller dimensions, using the groove formed by the sides 
of the cleft as a guide. At the posterior end especially, where contact 
is to be made with the posterior wall of the pharynx, only repeated 
trial and modification by trimming or adding can determine the correct 
shape and size. | 

If desired, the method described by Case of utilizing a wire frame on 
which to mold the velum model can be adopted by soldering such a wire 
loop to a shorter extension (Fig. 858) than the one described above, and 
bolting it on a stiff piece of metal for a handle, or using a long screw as 
a handle. 

When the model is completed, or at any intermediate stage, it can 
be transferred to the denture to test its relative position. 

It may be found necessary, in order to obtain the proper detail of 
the borders of the cleft without pressing them out of their normal 
position, to use plaster for the final impression. 

In this case the core of compound is trimmed to make room for 
the plaster and roughened for its attachment; a thin layer is spread 
on and carried to place. When set, it will be found a simple matter 
to remove the screw from the under side, slip the impression backward 
and remove it separately to avoid as much as possible the fracturing 
of any delicate fragments around the edges. 

The form of the nasal and lingual surfaces is of considerable import- 
ance. ‘The lingual surface should be carved flat or slightly hollowed, 
and made continuous with the posterior border of the denture. If 
the divided parts of the uvula are pendent and freely mobile, provision 
should be made for them to close under the obturator on its posterior 
lingual surface by reducing its bulk in that area to the necessary extent. 
In large obturators it has been found advisable for its beneficial effect 
on the resonance of the voice to make the nasal surface freely hollowed 
out from side to side, while the antero-posterior curve as seen in out- 
line is governed by the height of the arch made by the muscles in their 
contracted state, the side walls of the obturator being made only high 
enough that the muscles cannot rise above them. 

When carved and trimmed to the form and size found to be best 
suited to the case, the obturator pattern is detached from the denture, 
the hole left by the screw plugged with wax, the surfaces varnished 
and finally flasked in the usual manner for vulcanizing, causing the 
flask to separate along the line of the upper border of the pattern. 
The brass extension and nut will come out with the wax, leaving the 
interior of the mold clear for the packing of the rubber. For the sake 
of lightness and to avoid as much as possible the nasal quality of 
voice often accompanying the use of an obturator, it is advisable to 
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make it so that the greater part of the body will be hollow. This 
may be done in the following manner: Three pieces of rubber are cut 
from patterns, one piece made to cover all of the side walls of the mold, 
and one piece each for the top and bottom. Where they are to join, 
the edges are brushed with chloroform and pinched together with 
pliers. When placed in the mold, the joints are reénforced with thin 
strips of rubber packed internally along the line of the joint, which 
has been moistened with chloroform. The greatest care must be used 
in putting on the top piece, which must be pinched at its edges to form 
the joint with the side piece before the flask is closed. Water is 
enclosed in the bulb to fill it about three-fourths full, but must not 
be allowed to touch the edges, as a defective joint would thus be likely 
to result when the cover piece is put on. The steam generated during 
vulcanization, if no leaks are present, will hold the bulb distended 
against the sides of the mold until its form is fixed by the vulcanizing 
process. Slow vulcanization and a low temperature are best adapted 
to this purpose. At least forty minutes should be taken to bring the 
temperature from the boiling point to that at which it is to be main- 
tained for the required time. As indicated by thermometer, 290° ie 
which is approximately 300° in the interior of the vulcanizer, will 
produce good vulcanite if maintained for two and a half hours, and 
the vulcanizer should be allowed to cool slowly afterward. 

When the bulb is removed and polished its relation to the denture 
will be readily indicated by the triangular ridge before referred to and 
the corresponding depression in the obturator. 

The two are fitted together and a hole drilled through the bulb, 
using the screw-hole in the denture as a guide. The water remaining 
in the bulb can thus be drained. 

An alternative method is to fill the interior of the bulb with plaster 
when the rubber forming the bottom and walls has been placed, then 
to put on the top piece quickly and to close the flask. It 1s opened 
after the plaster has set and the excess plaster is trimmed and washed 
away where the edges join. A little fresh rubber is added along this 
line, the flask finally closed and vulcanization carried out in the usual 
manner. If removed from the flask immediately after cooling, the 
plaster in the bulb will be found in a softened condition and may be 
removed through the hole bored for the screw by stirring it up with a 
bent wire and washing it out with a stream of water from a water 
syringe. 

When an obturator is of smaller size so that it is necessary to make 
the anterior part solid where it overlaps the denture it will be found 
best to drill a hole for the removal of plaster or water as the case may 
be, at some other place, preferably on the nasal surface. ‘The hole may 
finally be filled by means of a piece of screw which is later cut off flush 
with the surface. ) 

To assemble denture and obturator, insert a screw with the head on 
the nasal surface of the obturator, smear a thick solution of chloro- 
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percha around the screw head and between the obturator and denture 
to make a water-tight joint, and set the screw home. After cutting off 
and polishing the projecting screw end on the lingual surface, the appli- 
ance is ready for use. 

Variations in the method. of using the screw and nut with the exten- 
sion will readily suggest themselves as the necessity arises. For a 
cleft in the soft palate only, when it is not desired to extend the denture 
so far back, instead of a nut being used, the extension itself, made of 
clasp gold, and with a thread tapped in the screw hole, has its anterior 
end embedded in the posterior border of the wax pattern of the denture. 


By wrapping this part with heavy gold-foil and inserting the screw so 


that when waxed up its head will protrude lingually, the extension will 
be fixed in its relative position to the denture when vulcanized, and can 
also be removed and replaced at will. When flasking this assembly of 
wax pattern, metal extension and screw head protruding, it is necessary 
to make sure that these metal parts will be held firmly in the plaster 
when the flask is opened until the rubber is packed around the portions 
which are to remain embedded in the denture. With the obturator 
vulcanized on the posterior end, the extension is finally bolted on the 
denture with a flat-head screw countersunk from either the lingual or 
palatal side. With a metal denture the extension carrying the obtura- 
tor can be bolted directly on the lingual surface, with one or two screws 
countersunk from the palatal side, and its edges rounded to avoid irrita- 
tion to the tongue. 

For a velum a stud or post is required standing up from the palatal 
surface of the denture over which to “button on” the velum when 


made. A screw made of gold wire, threaded only at the end, when. 


inserted to the limits of its thread in the nut embedded in the denture 
provides such a stud, removable if necessary for repairs or modification. 

Making the Velum Mold.—A vulcanite flask, with the inside ground 
and polished to remove all roughness, is suitable and convenient. 
The velum model of wax or compound is to be embedded in plaster in 
the flask in such a manner that three sections will be formed, one at a 
time, which are to be reproduced separately in metal and again assem- 
bled in the flask as a complete mold in which to vuleanize the soft 
rubber. . 

A piece of brass or nickel-silver wire is heated and pushed through 
the screw-hole in the velum model so that it protrudes slightly on the 
nasal surface and ¢ inch or more on the lingual surface. This wire will 
finally be incorporated in the metal mold and produce the hole in the 
velum necessary for fastening it on the denture. The model is then 
partly embedded, lingual side down, in plaster in the flask (whose 
interior surface has been covered with vaseline or oil) in such a manner 
that the line of separation between the sections will come along the thin 
edge. When the plaster sets, it is removed from the flask, with the 
model still in place, and trimmed along this line. It is then returned 
to the flask, its upper surface varnished, and the process repeated for 
the second and third sections (Fig. 861). | 
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The model is then softened by heat and removed, each section is 
varnished on all surfaces, and separately invested in a suitable mold- 
ing box or flask with a heat-resistant investment (plaster-silica mix- 
ture). When set, the flask is opened, the plaster section removed, a 
gate for pouring the metal provided, the investment thoroughly dried 


Fic. 861.—One section of plaster is cast in the lower half of flask, two in the upper 
section. Note pin in position. (After Wilson.) 


out by heat and the Babbitt or type metal cast into the mold. The 
wire pin which is left in the first plaster section when the velum pattern 
is removed must be transferred and left in the investment mold, so 
that it will be picked up by the metal when cast and appear in its 
proper place to provide the button hole through the velum by which 
it is to be attached to the post on the plate (Fig. 861). When the 
sections of the velum mold are completed, as shown in Fig. 862, they are 


Fic. 862.—Three sections of a Babbitt’s metal mold, with pin in position, before assemb- 
ling in flask. (After Wilson.) 


to be assembled in the same flask in which the plaster patterns were 
made. The flask having been previously smoothed on the inside, the 
sections should go to place and fit snugly without any difficulty. All 
interior surfaces of the metal mold must be polished and just before 
use should be soaped to prevent adhesion of the rubber. 

AT 
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Velum rubber is identical in appearance with denture rubber but 
contains less sulphur (approximately 20 per cent of the amount of 
eaoutchouc) and is vulcanized in the same manner. Each manu- 
facturer furnishes specific directions for his product, but in general, 
preference should be given to the low heats and longer time. It can- 
not be polished after vulcanizing, but the imperfect or “feathered”’ 
edges of the velum may be trimmed with sharp scissors or seared with 
a hot spatula if necessary. 

Development of Cleft-plate Mechanism by Different Men.—The prob- 
lem involved in cleft-palate prosthesis is a peculiarly difficult and 
intricate one. It has challenged the skill, patience, ingenuity and 
knowledge of anatomy and physiological function of all who have 
undertaken it. 

As might be expected, this has given rise to many divergent ideas 
held by the earnest and devoted men who have worked along this 
line, together with variations in design and technic, many of them of 
great merit and eminently practical. 

While all of these cannot be included in this text, an effort has been 
made in the following pages to present for the benefit of the student 
some of those which have found a place in dental literature. 

It must be remembered that the simpler the device for cleft-palate 
prosthesis, and the fewer its parts, the less serious will be the compli- 
cations in regard to its cleanliness and need for repairs or readjust- 
ment, so that a simple appliance, though perhaps not attaining the 
maximum efficiency possible to a more complicated and delicate appa- 
ratus, may still be of greater advantage to the patient than one which 
requires frequent visits to the dentist for replacement or adjustment 
of parts, or whose sanitation is difficult. 
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The first obturator of record for a congenital cleft-palate is one 
described by Dr. Wilhelm Suersen, in 1867, at Hamburg, before a 
meeting of German dentists. The following excerpt from his article! 
is sufficient to make clear the essential features of its construction 
and function, and is introduced here largely for its historic value, 
as the instrument is frequently referred to by writers on this subject: 

“These palates, which in all their parts are made of hard caoutchouc, 
consist of a teeth-plate suitably attached to existing teeth, and which 
at the same time covers the fissure in the hard palate (if such a fissure 
exists). Where the fissure commences in the velum, that plate termi- 
nates in an apophysis broad enough for filling up the defect. This 
apophysis is at the same time of such thickness as to keep up a contact 
between the high edges forming the sides of the apophysis and the two 
halves of the velum, even when the levator is in activity. To bring 


1 Am. Jour. Dent. Sci., December, 1867, 
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about this contact the more surely, the high edges forming the sides 
do not rise straight, but obliquely toward the outside. The lower 
surface of the apophysis, turned toward the mouth, lies on about an 
equal level with the velum, 7f the latter is ravsed by the levator palati. 
But when the velum hangs loosely downward, the back part of the 
artificial palate is lying over it. This back part, accordingly fills up 
the cavum pharyngo-palatinum, and in such a manner as not to impede 
the entrance of the air into the cavity of the nose when the constrictor 
pharyngeus superior is inactive. Thus the patient can without any 
impediment breathe through the nose. But as soon as the constrictor 
contracts the cavum pharyngo-palati—the muscle already named, 
reclines against the vertical back surfaces of the obturator. By this 
operation the air current is prevented from entering the cavity of the 
nose, and is compelled to take its way through the mouth, and thus 
the utterance loses its nasal sound.”’ 
The instrument illustrated in Fig. 842 is also of this type. 


Fic. 863. 


Later Modifications of the Suersen Obturator.—The principles enunci- 
ated by Suersen are fundamental, and practically all obturators func- 
tion in this manner, but modifications have been made in the instru- 
ment for convenience and to increase the range of its application. 
Making the bulb hollow, as has been previously mentioned, lightens 
it considerably and having it separate from the denture makes it 
readily applicable to either a vulcanite or metal denture. 

Ottolengui states these principles and describes some modifications 
of the Suersen device with pertinent comments as follows:! 


1 American Text-book of Prosthetic Dentistry, 4th ed., 1913, p. 796. 
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“In Fig. 863 is shown a model with an obturator in position. The 
denture is made of iridio-platinum and the obturator is a hollow bulb 
of hard rubber. This figure shows the length of the obturator in rela- 
tion to the uvule, as well as the manner in which the oral surface of 
the instrument fills the gap and completes the arch of the vault. In 
Fig. 864 the same instrument is shown in profile. It is seen that the 
rubber bulb is attached to the metal plate by passing over a bar which 
is soldered.to the plate, a nut holding it fast. Thus the bulb may be 
removed in order to repair or alter clasps or to do anything requiring 
the operation of soldering which should be difficult to properly perform 
were the rubber bulb permanently attached. The figure also shows 
the thickness of the obturator which is so shaped that as the divided 
palate rises contact is preserved. This instrument is a modification 
of the original Suersen device. | 


Fic. 864. 


“Th use, an obturator of this kind, unlike the artificial velum, is 
stationary in its position, but it is of such form that the pharyngeal 
muscles of the throat in the movements incidental to the production of 
articulate sounds hug the obturator, and so separate the cavity of the 
nose from the cavity of the mouth.” 

The Mitchell Vomer Restoration and Hinged Obturator.— Dr. Vethake 
E. Mitchell, of New York City, demonstrated an appliance with a 
hinged obturator and a nasal extension replacing the vomer bone, at 
a meeting of the Oral Surgery Section of the First District Dental 
Society of New York, March 25, 1913. The following excerpts and 
accompanying illustrations are from his paper.’ 7 

“Appliances of many shapes and of different materials have been 
made for the closure of the cleft, but with apparently little regard 
for the restoration of the nasal passages, to permit normal respiration, 
or the restoration of the resonance chambers for the improvement of 
voice and speech. 

“Tn the appliance which I present to you, all these things have been 
taken into consideration, and an attempt has been made to restore 
all missing tissues and their functions. 

“A division extends through the uvula, the soft and hard palate to 
the alveolar process. Vomer bone entirely missing. 


1 Dental Digest, October, 1913. 
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“Nothing had been attempted surgically. At nineteen an obtura- 
tor was made and considerable improvement in speech resulted. 
This was worn for seven years, when a second obturator was con- 
structed on the same style. This was worn for almost five years. 


The case was then referred to me to see what further improvement 
could be accomplished. 


Fie. 865.—Mitchell hinged obturator. 


Fig. 866.—Side view of Fig. 865. 


“With base-plate wax an artificial vomer was formed in the model. 
Its upper margin was closely adapted to the remnants of the septum. 
Its lower margin was adapted to the upper or nasal surface of the metal 
denture. This lower margin was spread out and thickened to replace 
the lost tissues of the hard palate. After imbedding in the wax at the 
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posterior border that portion of the hinge intended for this part of 
the appliance, it was flasked and reproduced in hard rubber. 

“The next step is to close the cleft in the hard palate with something 
that will stay in position and keep the cleft closed during the muscular 
movements of the palatal tissue. A piece of base-plate wax was 
doubled and shaped to fit the cleft snugly from side to side. This 
forms the roof of the mouth and the floor of the nasal passage. It 


widens out as it extends backward, forming a flange on either side. 


This flange laps over the upper edges of the palatal tissue. 
“The other part of the hinge is imbedded in the anterior portion 


of the piece which is to close the cleft in the soft palate. The piece for 


the soft palate is then attached to the denture by putting the pin 
through both parts of the hinge. The soft palate piece must extend 
back sufficiently, and be so shaped that when raised by the muscles 
in the act of swallowing, it will touch the posterior wall of the pharynx 


so as to close the passage into the nasal cavity. This part is then > 


reproduced in hard rubber, faced with pink, to more resemble the 
palatal tissues. ; 

“Being solid, it has sufficient weight to keep it in position when the 
palate muscles are relaxed, and still is not too heavy for them to raise 
when contracting. This movement is possible because of the hinge 
joint. The whole appliance, being constructed of metal and hard 
rubber, is perfectly hygienic and non-irritating to the tissues.”’ 

The apparatus was exhibited at this time, and the patient, being 
present, demonstrated the difference in speech with and without the 
the appliance, followed by singing and other breath-control exercises. 


Judging by the discussion printed in full with the article, the demonstra- 


tion was most convincing as to the success of the appliance. It is 
obvious that this appliance is applicable only to cases in which the 
cleft extends through both the soft and hard palate and with consider- 
able loss of the structure of the vomer. 

The McGehee ‘Universal Movement” Obturator.—Dr. W. H. O. 
McGehee, of New York City, at the meeting of the New Jersey 
State Dental Society, 1915, presented an obturator of novel and most 
ingenious design, which might well be termed a universal movement 
obturator, since it was so arranged in connection with the supporting 
denture as to have free movement in two planes or intermediate 
combinations of the same. It was made in the form of a thin shell, 
open on the nasal surface, but otherwise similar in shape to the usual 
hollow-bulb obturator and filling the cleft in the same manner. 

Its essential features and the requirements which it is claimed to 
meet are quoted from Dr. McGehee’s paper.! The descriptive matter 
is summarized and condensed by the present writer to conserve space: 

“ Requirements of a Successful Obturator.—It is now readily seen that 
a successful obturator should be capable, not only of upward and down- 


1 Dental Cosmos, 1915, p. 1325. 
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ward movements, but, in order that it may remain in perfect adapta- 
tion to the boundaries of the cleft under all circumstances, should 
really possess six distinct movements, that is to say: Vertical (upward 
and downward), antero-posterior (forward and backward) and lateral 
(right and left). The appliance which I shall presently describe is 
designed with this idea in view, and is presented to the profession 
after adequate and successful trial in many clinical cases. 

“The appliance suggested consists of a metal or vulcanite denture 
with clasps, vulcanized or soldered into the heel of which is a clasp 
metal extension, on which rests the hard-rubber obturator (Fig. 867). 
From the center of the metal extension a screw-cut gold post with a 
nut on its end projects upward through the obturator. Vulcanized 
into the hollow portion of the obturator is a flexible clasp metal tongue, 
through which the upright screw-post previously mentioned passes, 
and in contact with which it is held by means of the nut on its end. 
On the under side of this metal tongue is a small gold hook, to which 
is attached one end of a spiral spring, the other end hooking around 


Fic. 867.—Metal denture (vulcanite attachment) with backward clasp-metal extension 
and screw-post. (McGehee.) 


the upright screw-post.. Another spiral spring extends from a similar 
hook, vulcanized into the posterior part of the upper hollow portion 
of the obturator, to the same upright post.” Sika 

For the production of the obturator the steps briefly enumerated 
below are more fully described by Dr. McGehee’s paper. 

As a preliminary, a rough impression is taken and, from it, a cast is 
made, on which a tray made of modeling compound and provided with a 
wooden handle is built up. On this tray a second impression is taken 
by adding more compound and perfecting it by reinsertion in the 
mouth. From this impression a sectional model is produced, on which 
is molded in compound a model of the obturator provided with a wire 
handle. After trying in the mouth and modifying as necessary, the 
model is embedded in a plaster mold of three sections, and a core of 
plaster incorporated which permits of the model being reproduced in 
vuleanite as a shell having bottom and sides but no top. The paper 
thus describes the assembling of the denture and obturator: 

“The obturator is placed in position in the cleft in the mouth, hold- 
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ing it in place by means of a string attached to it, which is passed 
through the nares. 

“The metal or vulcanite plate is placed in position, and on the 
under surface of the obturator, by means of the perpendicular screw- 
post on the metal backward extension of the plate, the location is 
marked of an opening to be cut, through which the screw-post is to 
pass. 

“The plate and obturator are removed, an antero-posterior opening, 
about 4 inch long, is cut through the under surface of the obturator 
at the point marked, and a like opening immediately above it in the 
metal extension in the hollow part of the obturator, these openings 
to be slightly forward of its center to allow for the backward play of 
the obturator. 


Fic. 868.—Obturator with spiral springs and other attachments in position. 
(McGehee.) 


Fic. 869.—Another view of the appliance. (McGehee.) 


“The plate and obturator are assembled by passing the upright 
screw-cut post on the backward extension of the plate, through the 
oblong hole already cut in the obturator, and also through the oblong 
hole provided for it in the clasp metal tongue in the upper hollow 
portion of the obturator. Now the nut previously provided for the 
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purpose is screwed into place on the end of the upright post, bringing 
it into contact with the metal tongue of the obturator. 

“The nut on the end of the upright post is loosened, the end of one 
spiral spring is attached to the anterior hook, the end of the other to 
the posterior hook and the opposite ends of both to the upright post; 
then the nut is screwed to the position which will give the metal tongue 
the proper tension to allow for the upward and downward movements 
of the obturator. 

“The spiral springs extend along the under surface of the clasp 

metal tongue of the obturator and are given the proper tension to 
regulate the backward and forward movements of the obturator. 
Figs 868 and 869 afford an additional view of the completed appliance 
ready for use.”’ 
The Stearn Artificial Palate or Velum.—About twenty years after 
. the time (1823) that Snell, in England, described his artificial palate 
or velum of elastic gum or caoutchouc (unvulecanized rubber), which 
has been previously mentioned as the first recorded attempt to provide 
a prosthetic appliance for congenital cleft palate, Dr. Stearn, of Spring- 
field, Mass., a young graduate in medicine, devised and constructed 
for himself a most ingenious and quite complicated artificial palate of 
the velum type. This was reported by Kingsley as being highly suc- 
cessful, and a salient feature in its construction was the use of soft 
vulcanized rubber, the knowledge of which was undoubtedly obtained 
from Goodyear, who was at about that time conducting his experiments 
in the combination of sulphur with caoutchouc. The instrument, 
attached to a gold denture, was made in three parts—two lateral 
halves, divided by an antero-posterior slit, lying along and in contact 
with the sides of the cleft, with a sort of valve or flap on the lingual 
surface covering the slit to prevent the escape of the air column through 
it when in use. 

A spring was provided to keep the flap in contact with the lateral 
halves, and the instrument was so attached to the plate that it could 
rise and fall with the movements of the muscles of the soft palate. 
Stearn considered the three-part construction as essential in provid- 
ing for the contraction of the surrounding muscles, which Kingsley 
afterward found to be unnecessary. 

Two principles enunciated by Stearn as applying to the operation 
of his device have been found to be vital to the success of all artificial 
vela and are here quoted: 

“1. That the artificial velum should embrace the levator muscles 
of the palate so that it could be lifted by them. 

“2. That it should bridge the upper ee behind the uvula ae 
cut off nasal communication at will.”’ 

The Kingsley Velum.—In 1860, through acquaintance with Stearn, 
and in collaboration with him, Dr. Norman W. Kingsley, of New 
York, began the making of soft rubber vela of the Stearn type, of a 
simplified form, by a considerable modification of Stearn’s technic, 
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and finally, about five years later, produced the greatly simplified form 
of velum which he used for many years afterward in his practice and 


which has since been known by his name. It was made of soft vul- 


canized rubber attached flexibly to a supporting denture, and, there- 
fore, quite freely movable- by the muscles which engaged its sides, 
while its posterior border was so formed that it could be made to 
occlude readily with the ridge formed by the muscles of the pharyngeal 
wall, thus shutting off the nasal passage at will during speech and 
deglutition. 


ff 
hi 


MN 
| : wil | i 


r 


.) 


_ hi 
\ on “en : 


PIGwST ae 


It is thus described by Ottolengui:! 
_ “The Kingsley velum (Figs. 870, 871 and 872) consists of two flaps 
joined throughout the median line. The lower flap, the one which 
completes the palatal dome, extends from the apex of the fissure poste- 
riorly as far as the bases of the uvule. Its general form is that of a 
triangle, the apex of which occludes with the apex of the cleft, the base 
extending across from one uvula to the other. This flap overlaps the 
soft parts sufficiently to prevent its being pushed through the cleft 
into the upper cavity. The other flap is of a similar triangular shape, 


' American Text-book of Prosthetic Dentistry, 1913, 4th ed., pp. 791, 792. 
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the posterior border, however, being curved and thinned out to a 
feather edge, so that when in occlusion with the pharyngeal wall it 
curls up, thus presenting a flat surface for better contact, while Its 
thinness prevents irritation to these sensitive parts. This flap is 
above the fissure and rests upon the upper surfaces of the divided 
palate. The two flaps are united along the median line, so that when 
complete they form a single appliance. The flaps having but a narrow 
line of union, grooves are produced laterally, and when in position the 
two halves of the soft palate rest in these grooves. 


a 


Fig. 873. 


“Tn connection with the artificial velum a metal plate is constructed, 
clasped to the teeth, having a pin upon the upper surface which 
passes through a hole in the velum and thus holds it in place while 
allowing it lateral motion. Fig. 873 shows an instrument in position,’ 
the uvule appearing pendent below the grooves of the artificial palate. 
Note the relation between the posterior border of the velum and the 
wall of the pharynx. The rationale of this appliance is as follows: 
In the effort to close off the upper passage, the sides of the divided 
natural palate approximate each other, and at the same time are 
drawn upward. Thus they first hug the artificial velum tightly, and 
then, owing to its elasticity, carry it upward. Coincidently, the wall 
of the pharynx rises, forming a ridge which meets the feather edge of 
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the artificial velum, curling it up, thus accomplishing perfect contact 
and completely preventing the escape of sounds through the nasal 
passages. At the same time the velum, completing the proper arch 
of the vault, is rigid enough to serve as an efficient abutment for the 
tongue when necessity compels such contact. Fig. 874 shows the 
upper view of the instrument seen in Fig. 873, and is introduced to 
give a clearer idea of the attachment of the velum to the plate, as well 
as the general character of the grooves. 


Fic. 874. 


“As stated above, the flaps which constitute the velum are triangular 
in shape, yet it will be observed that the velum shown in Fig. 873 1s 
square at the anterior end. Where the cleft is in the soft palate, only 
the triangular velum is required, but where the cleft passes forward, 
entering the hard palate, it is frequently more desirable to fill the aper- 
ture in the hard palate by vulcanizing hard rubber upon the upper side 
of the metal plate, the soft rubber velum having a square end to meet 
a similar surface of the hard rubber.” 

The Case Velum Obturator.— Reference has been made previously to 
the type of artificial palate advocated by Dr. Calvin S. Case, of 
Chicago, which requires no supporting structure, such support being 
provided at first, however, by means of a plate or similar device until 
the patient becomes accustomed to wearing the new palate, and then 
discarded. He has called this avelum obturator, the composite term 
apparently arising from the fact that it is designed to be made of soft 
rubber at first and later reproduced in hard rubber in the same molds. 
It was first presented to the profession at a meeting of the Nation>! 
Dental Association in 1902. 

His description of the appliance, together with his technic for making 
the impression, and some of the construction details, follows: 

“Through a desire to take advantage of the benefits afforded by a 
soft-rubber appliance on the one hand, and a hard-rubber obturator 
on the other, and at the same time avoid the possibilities of the final 
ineficieney of the one and the difficulties in construction and adjust- 
ment presented by the other, has risen the present artificial palate, 
which it is the object of this paper to present. 

“It essentially consists of a form of palate which can first be made of 
soft rubber and possess all the advantages of the Kingsley velum, and 


. VARIOUS TYPES OF OBTURATORS AND VELA 749 


then when the patient has become accustomed to it in its flexible state, 
and its form is an assured success, by packing the same casts in which 
the soft rubber palates were vulcanized with another quality of rubber, 
a hard-rubber palate is produced which possesses all the advantages of 
a perfect obturator. 

“Tf made of softer rubber the first palate can be worn without irri- 
tation or special inconvenience; after which, desired changes in its 
form, that are nearly always required to perfect the palate, can then 
be easily made by slightly enlarging or contracting the metal mold in 
which it is vulcanized. 

“Those who are familiar with the Kingsley dentures, which I am 
pleased to say I have used with great satisfaction in my practice for 
over twenty years, will remember that the veil or posterior portion of 
the palate is sustained by extending the central thickened portion 
into it, and from this point it is gradually flattened to a comparatively 
thin edge, where it is-more or less curved in conformity to the pharyn- 
geal wall, against which it is intended to rest during the contraction 
of the pharyngeal and the palatal muscles. 

“Tn this particular it is quite different in form from the palate I am 
about to describe, in that with the latter all the central portion of the 
palate is thin, while the edge of the veil is thick, in the form of a 
solid roll 4 inch in diameter, or preferably triangular, with rounded 
corners, so that its outer flattened surfaces exactly and firmly fit the 
pharyngeal walls when the muscles are in a contracted state. 


Fig. 875. 


“Rig. 875 represents the palatal view of the artificial palate, with 
transverse section. Fig. 876 shows transverse sections through the 
mesial plane. Figs. 877 and 878 show the palate in position. 


‘a 


Fic. 876. 


“Tn extensive clefts the borders of the veil extend forward along 
the lateral walls of the pharynx and posterior nares, and, becoming 
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thinner, form the borders of the nasal extensions which rest upon the 
floor of the nares. 


\\ 


Fie. 878. 


“When the cleft does not extend into the hard palate, the veil is 
shaped in a similar manner, but with the nasal portion abridged to 
meet the requirements of the case. 
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“Where the cleft extends into the hard parts, the body of the palate 
which covers the borders of the cleft and forms the lateral wings on 
the roof of the mouth should not extend back of the attachments of 
the bifurcated velum palati, nor in any way interfere with the free 
action of the muscles; neither should it extend upon the roof of the 
mouth any farther than is necessary to give a firm seating for the 
palate. This portion should be about as thick as an ordinary rubber 
plate, being thinned along its oral borders and thickened to form the 
nasal borders. 

“There are a number of important advantages in this form of palate, 
even when made of flexible rubber and used for the purposes of a velum: 

“1. The early deterioration of the rubber, causing the curling up 
of thin edges of the veil, is entirely prevented. When this occurs, as 
it frequently does with ordinary vela, the vocal usefulness of the palate 
is impaired—if not destroyed—in proportion as it permits the escape 
of air at the curled-up portion of the border. 

“92. The heavy border of the veil is sufficiently yielding and flexible 
to be worn with comfort if properly fitted, and it also presents sufh- 
cient stability and breadth of surface to permit firm contact of the 
pharyngeal muscles in closing the nasopharyngeal opening. 

“2 In more or less extensive clefts the thin central portion extend- 
ing forward into the body of the palate permits a resilient yielding of 
the lateral portions of the body, which frequently allows one to spring 
it into place with sufficient grasp of the irregular borders, along which 
it should accurately fit, to hold it in position without the aid of a 
supporting denture. Whenever this can be accomplished with the 
soft palate, it will readily be continued when it becomes hard.” 

The technic of making metal molds from the modeling compound, 
or other pattern of the velum, in which to vulcanize has been described 
in previous pages, to which the reader is referred. 

Ottolengui’s Velum Obturators.—Dr. R. Ottolengui, of New York, 
has made some modifications of the Kingsley velum, and a type of 
obturator made of soft rubber, both of which he terms velum obtura- 
tors.1 His description of these and portions of his technic are quoted: 

“Tn 1902 I constructed a new form of instrument which apparently 
falls under the term ‘velum obturator,’ in that it has the compound*’ 
action of both. A patient came into my hands for a new instrument, 
the one made for her by Dr. Kingsley some ten years previously hav- 
ing lost its usefulness. I had known the lady when her first instru- 
ment was made, and was well aware of the improvement it had made 
in her speech. I was not prepared, however, for the curious condition 
which I found had resulted from its use. The velum had fitted per- 
fectly when first adjusted, the palatal flaps spanning the gap and rest- 
ing lightly against the split soft palate, while the nasal flap rested above 
and extended posteriorly in such a way that the sides of the divided 


1 American Text-book of Prosthetic Dentistry, 4th ed., 1913, pp. 808, 830, 836. 
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palate, when brought into action, would slide between the flaps, and 
throw the posterior flap upward, its thin edges turning upward to 
occlude the passage of the nares, this, of course, being the intended 
object of the Kingsley velum (Fig. 873). An examination, however, 
disclosed the fact that the instrument was not so operating. The 
muscles of the pharynx had so increased in activity that in the closure 
of the throat their contraction would entirely extrude the soft-rubber 
velum, so that the nasal flap lay constantly toward the palatal side of 
the fissure, and therefore became merely a useless mass of rubber which 
served no practical purpose. 


“Tn this dilemma I conceived the idea of constructing an instrument, 


the nasal flap of which should be just the reverse of the Kingsley appli- 
ance. Instead of forming the nasal flap with thin tapered edges, slightly 
turned upward (Figs. 870, 871, 872 and 873), so that in the closing of 
the throat these edges would be everted, thus presenting a broad 
surface contact to the walls of the pharynx, I undertook to fashion a 
soft-rubber appliance with a posterior or nasal flap, having its most 
posterior surface so formed that when the pharyngeal muscles should 
close upon it, there would be broad and equal surface contact, thus 
effectually occluding the passage to the nares, and so obviating the 
escape of sounds in that direction. 


Fig. 879. 


“Fig. 879 shows the first instrument of this character made by me. 
Comparison of this illustration with Fig. 874 will show that the nasal 
flap of my instrument is exactly the reverse of that in Dr. Kingsley’s. 
In the Kingsley appliance the throat muscles must evert the thin edges 
of the velum, and so produce contact and occlusion of the nasal pas- 
sages, while in my instrument the soft-rubber nasal flap is of just such 
size and shape that, remaining quiescent, the pharyngeal walls in clos- 
ing come into accurate contact with it. Being made of elastic material, 
any increased activity of the throat muscles will be compensated for 
by the fact that the appliance is pliable, and in this respect closely 
resembles the natural organs as they are when normal. Pee 
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“An analysis of the following description of the construction of my 
own ‘velum aber ita will disclose that it is exactly what its name 
implies, and that the method of producing it is but a combination of 
the technics already described for soft-rubber vela, and for hard-rubber 
obturators. In obtaining a wax model for the hard-rubber obturator, 
it will be recalled that we first made the metal carrying plate, soldered 
a loop of copper wire temporarily to the upper surface thereof, molded 
composition about this wire loop and obtained an impression of the 
pharyngeal region by introducing this into the mouth with the com- 
position soft, and then having the patient swallow. This compound 
impression was then itself used as the model for the hard-rubber 
obturator, with certain alterations in shape, which have been already 
described. In constructing a soft-rubber velum obturator the technic 
differs slightly, as it is advisable to produce a plaster model of the 
parts; one which, as already insisted upon, will show the anterior | 
position of the mouth at rest, and the posterior or pharyngeal region 
closed. 


Fia. 880. 


“Tn the first case treated by me, after obtaining the plaster model 
in the usual manner, I then fashioned a trial plate of gutta-percha, 
using two thicknesses to afford greater stability. Between the two 
layers I placed the ends of a copper wire loop, this loop extending 
backward and being bent to follow the curve of the palate. This gave 
me a trial plate similar to the metal plate used in this part of the technic 
of making a hard-rubber obturator. 

“Tt is not absolutely essential to have this wire loop, but it is an 
added safeguard against dislodgement of the wax which is to be used 
for taking the impression of the throat, and leaves the operator fairly 
certain that the patient will not swallow the mass of wax, an accident 
not at all impossible. : 

“Tn the case under description the cleft in the palate was so far nen? 
that the copper wire was also a convenience in spanning the gap 
between the posterior border of the hard palate and the anterior border 
of the cleft (Fig. 881). The wire loop was then wrapped with a mass 
of ordinary beeswax and formed into a mass approximately a little 
too large for the cleft. This was then softened in warm water, intro- 
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duced to place and held in the mouth with the forefinger while the 
patient was instructed to swallow repeatedly. When removed, this 
wax afforded an approximate, not an accurate, impression of the 
pharynx when closed. It might be accurate, and it might not, depend- 
ing upon the strength of the parts to compress the wax fully. How- 
ever, an approximate impression is all that is needed at this stage. 
Next a considerable portion of the surface of the wax is cut away, and 
so cut that the surface is left quite rough. It must also be trimmed 
away sufficiently so that when introduced, and the patient is allowed 
to swallow, he will report that he does not feel it. 


Fia. 881. 


“This wax mass is then covered with a layer of creamy, quick-setting 
plaster of Paris, is placed in the mouth and the patient again asked to 
swallow repeatedly. There is no danger of the plaster dripping down 
the throat unless altogether too much plaster is used. Indeed, in 
handling plaster in the mouth an excess should never be introduced. 
However, as an additional precaution, the operator may have at hand 
two or three swabs, made by wrapping cotton around the end of sticks 
of orangewood. With these swabs dry, if any plaster should be seen 
to trickle downward, it can be quickly and deftly wiped away. 

“Fig. 880 shows the trial plate removed with the plaster impression 
of the pharyngeal opening: which is left by the contraction of the 
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muscles. This gutta-percha plate, having been accurately made on 
the already constructed model is readily replaced thereon, and the 
impression of the pharyngeal region will extend back beyond it. The 
plaster used in taking this impression should be slightly colored by 
adding paint powder to the mixing water, or else it should be thor- 
oughly varnished with shellac, followed by sandarac. The trial plate 
carrying the impression, having been placed on the model, additional 
plaster is added to the posterior part of the model so as to completely 
surround the impression. Later, when thoroughly hard and the impres- 
slon was removed the result was the model seen in Fig. 881, which 
shows the hard and soft palatal regions at rest, and the pharyngeal 
muscles contracted. 

“On this plaster model a wax model of the velum obturator is formed, 
having secured which, metal molds are made from the wax model 
exactly as has been described for making a Kingsley soft velum. The 
velum obturator made for my first case is seen in Fig. 879 attached to 
its metal carrying plate. In Fig. 880 it will be observed that there is 
a flat or plane surface on the top of the plaster impression. This, of 
course, 1s not as it would be when removed from the mouth, but it has 
been so trimmed for comparison with the velum obturator. 

“In the main there may be said to be three classes of cleft-palate 
cases which may come to us for treatment. Those in which the cleft 
is in the soft palate only; those in which the hard palate is also involved; 
those resulting from failures of surgeons. 

“T am glad to say that thus far I have been successful with my new 
instrument in all three conditions. 

“There is one advantage of this velum obturator which is worth 
recording. Being made in larger masses than the Kingsley velum, the 
soft rubber is not so quickly destroyed by the fluids of the mouth, nor 
is it distorted by curling up. It, therefore, requires renewal less 
frequently.” 
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ABUTMENT crowns, construction of, 647 
for removable bridge, retaining, 653 
supporting, 653 
physiological resistance of, 647 
preparation of, 647 
mechanical, 647 
preliminary, 647 
strength of various classes of teeth 
as, 644 
Abutments, inlay, 659, 663 
Accessories of molding bench, 470 
Acme articulator, 182, 183 
Adhesion, 206 
description of, 206 
in retention of partial dentures, 344 
Air-chambers for metal plates, 495 
soldering, 498 
Alkaline sulphides, solution of vermilion 
by, in mouth, 699 
Allen, Dr. John, formula for continuous 
gum work, 541 
All-porcelain crown with cast base, 629 
Alston casting machine, 534 
Aluminum, 518, 525 
for base-plate, 518, 525 
melting and casting, 525 
plate with vulcanite attachments, 
452 
properties of, 518 
use of, for swaged metal plate, 489 
in removing oxide from molten 
zinc, 467 
Alveolar process, effect of the loss of the 
teeth upon, 61 
resorption of, affecting choice 
of artificial teeth, 227 
in mandible, 64, 133 
in maxille, 63, 133 
time to allow for resorption of, 
85 


_ Alveolo-dental abscess, treatment of, in 
teeth to be crowned, 594, 599 
Amputation of apex of roots of teeth to 
be crowned, 599 
Anesthesia for pulp removal, 578 
cocain, 581 
novocain, 581 
Anesthetic for pulp removal, formula for, 
81 


Annealing plates in swaging, 492 
Anvil, swaging, 494 


Arch outline of dentures, 38 
Art in prosthetic work, role of, 285 
Articulating plates, use of, in pouring 
impressions for bridgework, 619 
Articulation of consonants, place of, 69 
of continuous gum dentures, 549 
laws of, Hanau, 245 
technic of, 246 
of teeth, 222, 231 
of vowels, 69 
Articulators, 149, 172 
Acme, 182, 183 
Bonwill, 178 
design, 176 
function of, 176 
Gysi’s, 179, 180 
Hall- House, 176, 177 
Hanau, 180, 181 
hinge, 172 
limitations of, 183 
Monson, 176, 178 
plaster for bridgework, 617 
Snow, 183 
Wadsworth, 181, 182 
Walker, 174 
Artificial crowns, 570 
requisites of, 609 
dentures, cleansing of, 700 
hygienic relations and care of, 
692 


relation to facial movements of, 
275 : 
restoration of facial expression 
y, 276 
ection of, 203 
securing data for construction 
of, 149 
time for insertion of, 204 
trial of, 260 
voice and speech relations of, 
270 
wearing of, at night, 698 
stone, 141 
| Sorel, 142 
Spence’s, 141 
Weinstein’s, 141 
teeth, anterior, arrangement of, 222, 
1 


articulation of, 260 

correct inclination of, 234 

curve of arch of, 235 

imitation of discoloration 
in, 302, 303 
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Artificial teeth, anterior, imitation of 
individual peculiar- 
ities, 296, 298 
of opaque white spots 
in, 240, 304 
insertion of gold filling in, 
305 ar 
lower, placing of, 242 
occlusion of, 260 
relation of, to profile, 232 
of speech to, 282 
relative position of, 235 
support of lips by, 232 
articulation of, 231 
bearing upon plate reten- 
tion, 206 
bicuspid, articulation of, 240 
cusps of, determination of, 
203 
selection of, 224 
bite of, selection of, 228 
characteristic arrangement of, 
306 
examination of mouth prelimi- 
nary to insertion of, 81 
harmony between outline and 
the face, 310 
mechanical requirements of, 227 
molar, articulation of, 240 
cusps of, determination of, 
243 
selection of, 224 
setting of, 244 
partial dentures, selection of, 
231 
relation to the lips, 233 
selection of, 224 
arrangement and articula- 
tion of, 222 
as means of attachment to 
base plate, 227 
as to resorption of process, 
227 
base for, 227 
color of, 226 
in edentulous cases, 
226 
size and form, 224 | 
““shut’’ of, selection of, 228 
surgical complieations affecting 
insertion of, 85 
vela, construction of, 745 
velum, 715 
Assemblage of united crowns, 642 
Atmospheric pressure, 214 
ee of plate dentures by, 


14 
Attachments, bridge, 653, 663 
Berry, 678 
inlay, 659, 663 
McCollum, 676 
spur, 669 
Stern, 677 
Autogenous soldering, 623, 654 
Axes of the teeth, direction of, 46 


B 


BaBBITT’sS metal, 489 
Haskell’s formula for, 469 
Backings for bridge facings, 648 
Balkwill on incisive action of anterior 
teeth, 40 
Band and pin crowns, 626, 631 
Base for artificial denture, choice of, 227 
effects of, upon artifi- 
cial teeth, 227 — 
for metal base dentures, 
520 
. technic of, 520 
in taking impression, 95 
vulcanite, 404 
arranging teeth on, 407 
finishing of, 406 
maxillary surface of, 404 
flasking of, 404 
packing of, 406 
vulcanization of, 406 
Beaded plates, 209 
vulcanite, 453 
Bean, J. B., aluminum casting, 519 
Beeswax for taking impressions, 98 
Bench tools, 470 
Bennett movement, 183 
Berry attachment, bridge, 678 . 
Bicuspid teeth, and molar, occlusion of, 
4] 


gold, 


artificial, articulation of, 240 
cusps of, determination of, 
243 
position of, 245 
selection of, 230 
setting of, 251 
lower, preparation of, for 
crowns, 605 
relative height of buccal and 
lingual cusps, 50 
upper, preparation of, for 
crowns, 605 
Billmeyer, J. H., casting method, 519 
Bite of artificial teeth, selection of, 228 
taking the, 150, 171 
position of, occlusion in, 150 
rationale of method of, 151 
selection of color of artificial 
teeth, 150 
technic of, 155 
Bite-plates, 151 
constructing, in two portions, 155 
contact of, importance of, 161 
judging of, 161 
for full lower with upper denture in 
place, 169 
upper with lower natural teeth, 
169 
for partial dentures, 170 
for temporary dentures, 170 
for upper jaw, 153 
construction of, 153 
by Evans’ 
153 
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method, 
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Bite-plates for upper jaw, determination 
| of length of, 161 
guide for position of ante- 
rior teeth, 233 
steps in formation of, 154 
of wax, objections to, 152 
grinding, Essig method, 196 
Paterson method, 197 
grooves for fixation in, 163 
for lower jaw, 154 
construction of, 154 
determination of length of, 
161 


; for vulcanite work, 155 
marking high lip line upon, 167 
median line upon, 167 
material used for, 151 
purpose of, 151 
requirements of, 151 
restoration of facial contours by, 
156 
trial of, 160 
trimming of, 155 
uniting of, with plaster of Paris, 167 
with wax, 167 
Bite-rims carving, Wadsworth’s method, 
259 


former, 156 
Bites for full upper and lower dentures, 
8 


1 
Black, G. V., on force exerted by jaws, 
690 
used in crushing food, 58 
on fungi as irritants under plate 
dentures, 699 
on rubber sore mouth, 699 
Black rubber, use of, 447 
Blair, V. P., on speech training, 716 
Blandy, A. O., cast metal dentures, 510 
Blind abscesses, treatment of, in teeth 
to be crowned, 595 
Bone hammer for swaging, 493 
Bonwill articulator; 173 
crown, 661 . 
Bonwill’s method of grinding artificial 
teeth, 243 
Borax-shellac separating fluid, 137 
formula, 137 
Box vulcanite flask, 430 
Bridge, temporary, 612 
Bridges, extension, 652 
with saddles, 653 
fixed, hygienic relations of, 694 
removable, hygienic relations of, 697 
saddle, 678 
spur rest for, 652, 670 
supporting abutments for, 660 
Bridgework, 642 
attachments for, 653, 663 
spur, 669 
classification of, 642 
construction of, 647 
essentials for crowns 1n, 572 
immovable, care of, 694 
investing, 649 
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Bridgework, occlusion of, 650, 651 
opposite artificial denture, 645 
physiological aspects of, 647 
porcelain crowns in, 686 
removable, 653 

abutment pieces for, 653, 659 
anchorage in, 653 


facings for, backing of, 648 
grinding of, 648 
selection of, 650 
requisites of, 643 
soldering, 649 
vs. partial dentures, 572, 574 
Brush for use in molding, 471 ~ 
Bryant’s crown repair method, 638 
Burns casting machine, 533 


C 


Cam-Lock vulcanizer, 435 
Campbell, D. D., casting method, 519 
Cancer from faulty bridges and dentures, 
478 
Canine eminence, necessity for restora- 
tion of contour, 283 
with bite-plate, 160 
Caoutchoue, 391 
chemistry of, 393 
composition of, 393 
former uses of, 391 
formula of, 394 
history of use of, 391 
method of obtaining, 392 
physical properties of, 391 
preparation of crude, 392 
purification of, 392 
solvents of, 392 
Cap crowns, band for, contouring of, 622 
fitting of, 614 
cusps for, carving of, 622 
for soldering on, 623 
finishing of, 624 
measurement of root for, 614, 
616 
Capsular ligament, 25 
Caries from faulty clasps, 363 
-Case’s velum obturator, 715, 748 
Cast base-plate, 526 
flasking, 528 
polishing, 527 
trimming, 527 
crowns and bridgework, 629 
with porcelain facings, 632 
for vulcanite work, 146 
gold crowns, 629 
making of, 130, 142 
materials, 141 
pouring of, 142 | 
removing impressions from, 144 
size of, 143 
trimming, 146 
Casting counter-dies, 486 
dies, 485 
machine, 532, 533, 534 
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Casting methods for metal base den- Clasps, Roach embrasure, 342 


tures, 510 
Billmeyer, 519 
centrifugal, 514 
direct, 519 
gravitation, 510 
indirect, 519 
pressure, 514 
Taggart, 510 
vacuum, 514 
to porcelain teeth, 529 
process, availability of, in crown 
work, 629 
philosophy of, 526 
rings for molding, 473 
Casts for cleft-palate correction, 725 
for record, 147 
metal base dentures, 520 
mounting, 188, 189, 190 
Centrifugal casting method, 514 
Chamber-piece, 492 
Chapelle, Walter, on path of insertion of 
clasp force, 325 
‘Chaser,’ manner of using, for swaging 
-vacuum cavity, 495 
use of, in swaging metal plate, 495 
Chin, retruded, arrangement of lips in, 
278 
Chronic alveolo-dental abscess, treat- 
ment of, in teeth to be crowned, 594, 
599 
Clamps for attaching chamber-piece in 
metal plate, 498 
solder, 498 
Clasp design, 324 
Clasps, 322, 695 
adjustment of, to plate, 322 
applied to teeth, lower Jaw, 322 
upper jaw, 322 
as retainers for partial dentures, 322 
one-arm, 343 
three-arm, 322, 


shape of, 331, 339 
teeth suitable for, 323 
wrought, 327, 338, 340 
construction of, 332 
Roth technic, 332 
Cleft-palate, acquired, 701 
prognosis of, 706 
appliances for, 710 
causes of, 701 
complete, 701 
congenital, 701 
examination for, 719 
impression of, 721 
Case’s method, 748 
difficulties of, 722 
‘““gagoing’’ in, 722 
materials for, 721 
procedure in, 747 
luetic, 702 
ee education of, in speech, 
167 
preliminary treatment, 719 
prosthesis, 708 
study models, 721 
surgery, 706 
vs. appliance, 706 
Coin gold, use of,in full gold crowns, 
614. 
silver used for metal plates, 510 
Collar crowns, 626 
cutting plate for, 627 
giving the form of the root to 
the collar for, 614 
lap joints desirable for, 627 
measuring root for, 614 
method of fitting collars for, 627 
for molar, 614 . 
taking bite for, 614 
impressions for, 614 
requisites of, 609 
Bees to the gum outline, 
61 


two-arm, 322, 324 | Combination dentures, 451 


324, 342 
band, 341 
care of plate bearing, 695 
cast, 341 


casting, 538 

cleansing of, 695 

collar, 341 

crib, 335, 337 

disintegration of tooth substance 
due to, 695 

Essig on, 695 

form of, 322 

friction lining for, 340 

function of, 323 

Goslee on, 322 

guide line for, 327 

hygienic relations of, 695 

Essig on, 695 

impression trays for, 329 

multiple wrought, 340 

Prothero on, 324 

rationale of, 323 


Compensating curve, 47, 241 
testing, in artificial teeth, cor- 
rection of, 241 
Complexion as a guide in selecting arti- 
ficial teeth, 226 


Compound and plaster for impression, 


for bite-plates, 153 
formula for, 105 | 
manufacture, 104 
preparation of, 124 
Supplee’s heating outfit for, 107 
students heating outfit for, 108 
tracing on, in impression, 124 
; Williams’ formula for, 105 
Compressibility of tissues underlying 
plate dentures, 210 
Condylar path, determination of, in tak- 
ing the bite, 191 
Christensen’s method, 
191 
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Condyle and fossa, correspondence in 
shape of, 21 
location of, in taking the bite, 184 
of mandible, 21 
difficulties in securing a distal 
position of, 160 
position in occlusal relation of, 
150 
path, angles of, 191 
large registers for determining 
slant of, 191 
Condyles, variations in form of, 23 
Connectors for retainers of partial den- 
tures, 356, 378 
Consonants, 69 
factors determining, 70 
mechanism of production of, 70 
place of articulation of, 69 
on of lingual surface of plate to, 
272 
Continuous-gum body, fusing point of, 
556 


dentures, 541 
adaptation of base-plate of, 551 
advantages of, 542 
Allen’s improvement of, 541 
body of, 542 
furnaces for, 555 
gum enamel for, 558 
baking of, 559 
history of, 541 
impressions and casts for, 543 
investment of, 551 
for lower jaw, 560 
reinforcement of base- 
plate of, 561 
removal of wrinkles in, 
560 
rim upon, 560 
swaging of base, 560 
for partial cases, 561 
lower, 563 
reinforcement of 
base-plate, 546 
rim for, 564 
upper, 561 
clasps for, 563 
classes of, 561 
rims for, 562 
metal used as base for, 542 
Objections to, 542 
porcelain body in, 553 
baking of, 557 
repair of, 565 
sections of, 567 
selection of teeth for, 549 
soldering of, 552 
strengthening pieces for, 546 
soldering of, 547 
swaging of, 544 
use of counter-die in, 544 
taking bite for, 549 
teeth used upon, 549 
arrangement of, 549 
trial of base-plate for, 549 
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Continuous-gum dentures, use of, with 
vuleanite without platinum 
base-plate, 567 

wire rim for, 545 
Contours established by bite-plates, 157 
of plate, relation to facial move- 
ments of, 275 
upon vulcanite dentures, 457 

Cooling and removing casting, 526 

Copper amalgam for pulp canals, 591 

Core-molding, 482 

Cores, drying out of, 483 

material for, 482 
size and shape of, 483 
Cottonoid, use of, in swaging, 494 
Counter-dies for Babbitt’s metal dies, 
490 
casting of, 486 
definition of, 466 
metal used for, 466, 490 
use of, in swaging, 489 
Countersunk supporting abutments for 
removable bridges, 670 
Crib clasp, Jackson, 335 
multiple, 337 
Crittenden cement syringe, 640 
Cross bite, 264 
arrangement of teeth in, 264 
Crown slitter, 635 
Crowns, all-porcelain, 570 
anatomical relations of, 571 
pathological, 592 
with cast base, 629 
artificial, classes of, 570 
availability of casting process in 
making, 629 
band and pin, 626 
banded, 631, 654 
Bonwill, 661 
cap, 622 
cast gold for, 629 
hygienic relation of, 695 
with porcelain facings, 632 
collar, 609 
devitalization of pulp in teeth to be 
crowned, 577 
methods of, 577 
directions of stress, 571 
essentials for, in bridgework, 572 
for fractured roots, 632 
full gold, 614, 620 
gold, 614, 620 
jacket, 624 
porcelain, bases for, 686 
saddles for, 688 
with cast base, 629 
preparation of, teeth for, 600 
instruments for, 601 
removal of, 635 
repair of, 635 
requisites of, 609 
Richmond, 571, 626, 633 
roots requiring, Sees of, 573, 
5 


mechanical, 600 
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Crowns, roots requiring, preparation of, 
therapeutic, 594 

selection of, 610 ° 

setting of, 639 

telescope, 654 

temporary, 610 

with porcelain facings, 631, 634 
Curve of occlusal edges of upper incisors, 

fi 


of Spee, 47 
bearing of, upon movement of 
mandible, 47 


departure from, in otherwise 
typical denture, 49 
relation of, to cusp length of 
molars and bicuspids, 47 
Cusps for cap crowns, making of, 622 
soldering on, 624 
contact, testing of, in artificial teeth, 


length and overbite, 46 
determination of, in arti- 
ficial dentures, 240 
of teeth, use of, in crushing food, 53 


D 


Davis’ crowns, 661 

Deglutition, 59 

Delabarre’s velum, 711 

Dental bridgework, 642 

Denture construction, examination pre- 
liminary to, 81 

retention, physical forces involved 

in, 205° 

Dentures, artificial, ends and purposes of, 

22 


classification of, 201 
esthetics of, 285 
full lower, 218 
retention of, 219 
pate principles of retention of, 
01 


upper, 206 
gold, hygienic relations of, 697 
home care of, 700 
partial, 312. See Partial dentures. 
lower, 221 
upper, 220 
removal of, during sleep, 698 
retention of, 203 
temporary, 269 
trial of, 260 
vuleanite, hygienic relations of, 697 
Designing partial dentures, 374, 381 
Cee in relation to, 


Die and counter-die method of swaging, |. 


489 
separation of, 489 
correcting defects in hot, 485 
definition of, 466 
of low-fusing alloys, 488 
metals used ‘for, 467, 500 


INDEX 


Die, metals used for, requisites of, 467 
Dies, Spence’s metal, 503 
for swaging, 489 
Diet, articles of human, 57 
force used in crushing, 58 
Digestion, effect of loss of teeth on, 61 
Direct and indirect casting method, 519 
Discoloration of teeth after pulp devital- 
ization, 575 
imitated in artificial ones, 301 
Donaldson canal cleansers, 593 
Donham vulcanite flask, 429 
Double plate, use of, for swaged metallic 
plates, 492 
vuleanization method in vulcanite — 
work, 421 ; 
Dovetailed key and shoe attachment for 
removable bridges, 663 
Downey crown, cap for, 571 
Dresch flexible connector, 357 


E 


EDENTULOUS mouth, examination of, 91 
Edge-to-edge occlusion of artificial teeth 
with natural ones, 268 
Edson vulcanite flask, 430 
vulcanizer, 435 
Elgin casting machine, 532 
Essig bite-plate method, 196 
Essig, C. J., on metals for clasps, 695 
Evans’ carving tools for vulcanite, 428 
Examination, digital, 93 
lower mouth, 93 
upper mouth, 93 
for partial denture service, 372 
of patient, 90, 91, 92, 93 
endentulous mouth, 91 
visual, of lower mouth, 92 
of upper mouth, 92 


Beara of plaster i in impressions, 130, 
14 


Expression, Hel 73, 77, 80 
muscles of, 74 
Extension bridges, 652 
External pterygoid muscles, 28 
Extraction or retention of natural teeth, 


88 , 
of teeth and partial dentures, 375 
+ 


F 


Face, contour of, changes of, due to loss 


of teeth, 77 

expression movements of, 72, 275 

external appearance of, a guide in 
bite-taking, 157 é 

ideal contours of, 276 

median line of, position of anterior © 
artificial teeth respecting, 233 

skin of, effect of old age upon, 78 

Face-bow, Hanau, 184 
Snow, 184 


INDEX 


Facial contour, restoration of, with bite- | 
plates, 157 
testing of, by trying in artificial 
dentures, 262 
expression, 73, 77, 80 
data for restoration of, 276 
by dentures, 262 
mechanism of, 73 
Facings for bridge teeth, backings for, 
648 


selection of, 650 

Files for vuleanite work, 443 
Fistula, establishing an artificial, 597 
Flask, box, 430 

casting, 511 

Edson, 430 

for molding, 470 

for vulcanite work, 427 

presses for vulcanite work, 431 

separation of, 413 

tongs for use in vulcanite work, 443 
Flasking base-plate for casting, 512, 522, 

528 


separating fluid for, 512 
Flux, soldering, 498 
Fluxes for casting, 518 
Food, deglutition of, 59 
force used in crushing, 58 
in masticating, 690 
preparation of, 56 - 
Formalin for sterilizing pulp canals, 593 
Fossa, glenoid, 21 
Fractured roots, crowns for, 632 
treatment of, before crowning, 
591 
vulcanite dentures, cause of, 461 
Frontonasal column of fixed base, 18 
Full lower bite-plate, 154 
swaged metal plate, use of two 
lamine for, 494 
upper bite-plate, construction of, 
153 


Fungi cause of irritation under plate 
dentures, 699 
Furnaces for fusing porcelain, 555 
Furnas’ vulcanizer, 433 
Fusible metal dies and counter-dies, 488 
plates with vulecanite attach- 
ments, 452 
use of, in repairing vulcanite 
dentures, 463 


G 


GaaGINne, 72, 86 
measures to overcome, 86 
Gear’s shaded rubber facing for vulcanite 
dentures, 456 

Giffen flexible connector, 357 

Gingivitis, 89 

Glasslene, 405 

Glenoid fossa, 21 
relation of, to curve of Spee, 49 
variations in shape of, 21 
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Glycerin, use of, with marble dust for 
molding, 471 
Gold, cast, for crowns, 629 
casting metals, 534 
alloys of, 534 
Ney ‘‘Oro,’”’ 535 
properties of, 534 
clasps, 322, 695 
upon vulcanite dentures, 449 
dentures, hygienic relations of, 697 
determining the amount of, for a 
casting, 540 
Ilings, insertion of, in artificial 
teeth, 305 
for crowns, 629 
plate used for swaged metal plate, 
489 
properties of, as casting metal, 534 
use of, for metal plate, 489 
Goslee, H. J., on clasps, 322 
Graecen’s design and specification chart 
for partial dentures, 381 
Gravitation casting method, 510 
Blandy, A. A., 510 
Hudson, Edward, 510 
Gravity as a means of retention of lower 
dentures, 220 ) 
Gritman’s casting rings, 470, 473 
molding table, 470 
Gum enamel for continuous-gum work, 
558 
section teeth for partial cases, 231 
indications for, 230 
selection of, 229 
Gums, morbid conditions of, 89 
recession of, imitation of, 239 
Gutta-percha for taking impressions, 98 
setting crowns with, 641 
How’s method, 641 
Gypsum, 103 
Gysi’s articulator, 179, 180 
measuring instruments, 187 


H 


Haut-Hovse articulator, 176, 177 | 


Hanau articulator, 180, 181 


Harelip, 702 

double, 703 

etiology of, 703 

single, 703 

without cleft-palate, 704 
Haskell’s Babbitt metal, 469 
Head on forces used in crushing food, 58 
High lip line, 161 
Hinge articulator, 172 
Hollenback casting machine, 532 

unit, 530 

drying oven, 531 
Horn mallet, use of, in swaging, 493 
How’s method of use of gutta-percha, 641 
sparen Edward, cast metal dentures, 

10 
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Human dental mechanism, functions, 
structure and relations, 
17 
as modified by tempera- 
ment, age and use, 80 
Hydrogen sulphide, relation of, to vul- 
canization, 398 
Hygiene of bridgework, 699 
of the pulp, 696 © 
Hygienic relations of artificial dentures, 
693 
bands, 693 
bridges, 693 
care and, 692 
cast gold crowns, 695 
clasps, 693, 695 
fixed bridges, 694 
gold dentures, 697 
removable bridges, 697 
vulcanite dentures, 697 


I 


Impression, base-plate in, 95 
of cleft palate, 721 
“closed mouth,’ 98 
compound and plaster, 122, 126 
full lower, in plaster, 127 
upper, in plaster, 118 
material, selection of, 96 
materials, compound, 98, 100 
for cleft palate, 721 
gutta-percha, 98, 100 
plaster of Paris, 97 
self-separating, 97 
qualities of, 96 
wax, 98 
in plaster of Paris, 99, 116 
assembling of, 131 
for partial dentures, assem- 
blage of, 131 
lower dentures, 127 
mixing plaster for, 99, 117 
preparation of, for pouring 
cast, 130 
removal of, 131 
requisites of, 94 
removing from casts, 144 
scraping or ‘‘relieving,” 132 | 
sectional, with compound, 121 
taking, 94 | 
core method of, 121 
equipment for, 106 
technic, 113 
trays, 109 
addition of compound to, 111, 
116 
alteration of, 116 
| for edentulous mouth, 116 
crown and bridge, 111 
for full lower case, 110, 127, 181 
upper case, 110 
for partial lower case, 111, 117 
upper case, 111, 117 
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Impression trays, Greene-Kerr, 123 
kinds of, 111 
special, method of making, 
12 ' 


materials used for, 112 © 
purpose of, 111 
requirements of, 111 
size and shape of, 111 
treatment of, before pouring cast, 
130 
Impressions, boxing, 1388 
for cast metal base dentures, 520 
for partial dentures, 379, 382 
technic, 382 
trays, 384 
treatment of hard areas in 
taking, 385 
for undercuts, 382 
of mouth, 94 
positions for taking, 114, 115 
reliefs in, 182 
sectional, 131 
in sections, 131 
separating and staining media, 136 
“tracing on’’ method, 124 
Incisal guide plane, 247 
Incision, contact of teeth in, 56 
Incisor teeth, occlusion of, 40 
Incisors, loss of, effect upon cons 


of, 72 
India rubber, 391 . 
Infection of pulp, treatment of conditions 
resulting from, 594 
Inflammation of mucous membrane un- 
der denture, 699 
Injuries, prevention of, from lack of par- 
tial denture service, 362 
Inlay abutments, 659, 663 ae 
attachment on abutment piece for 
removable bridges, 659 . 
Inlays as retainers for partial dentures, 
350 
Instruments and appliances used in vul- 
canite work, 427 
Interarticular fibro-cartilage, 23 
Internal lateral ligament, 26 
Intra-oral negative pressure, 29 
Investment compounds, 515, 535 
materials for, 516 — 
of continuous-gum dentures, 551 


onants 


Tridio-platinum, use of, for base-plate 


489 
J 

JACKET crowns, 624 

band for, 625 

facing for, 625 

for bicuspid, 625 

indications for, 624 

preparation of root for, 625 
Jackson crib clasp, 335 
Jaw, angle of, change in, during life, 65 

in old age, 65 
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Jaw, distance between, affecting choice 
of artificial teeth, 227 
lower, protruding, "arrangement of 
artificial teeth in, 262 
in bite-taking, 157 
selection of teeth for, 229 
relation of, 66, 83 
affecting choice of artificial 
teeth, 227 
to Peeraaanindiee joint, 
18 


determination of, 185 
securing relationship of, in position 
of occlusion, 150. 
upper, protruding, arrangement of 
artificial teeth in, 265 
selection of teeth for, 224 


K 


Kerr canal files, 583 
reamers, 583 
Kingsley’s velum, 711, 739, 745 
cereep aa modification of, 
51 
Kirk, E. C., on action of alkaline sul- 
phides of saliva upon vermilion, 
699 
on rubber sore mouth, 698 


L 


Lavties for fusible metal, 475 
for zinc and lead, 468 
Lead for counter-dies, 469 
advantages of, 469 
Le Cron’s nitrous oxide blowpipe, 548 
pyrometer, 556 
Levator anguli oris muscle, 75 
labii superioris alaeque nasi muscle, 


Lewis’ cross-bar vulcanizer, 435 
Ligament, capsular, 25 
external lateral, 26 
internal lateral, 26 
spheno-maxillary, 26 
stylo-maxillary, 26 
of temporo-mandibular joint, 25 
Lingual conformation of artificial den- 
tures, relation of, to speech, 272 
Lip line, high, 167 
Lips, effect of loss of teeth upon, 78 
ideal lines of, 276 
proper form of, as restored by bite- 
plates, 158 
relation of, to forehead, 278 
upper, proper form of, 282 
Logan crowns, 570 
Long bite teeth, misuse of, 229 
Low-fusing dies and counter-dies, 488 


M 


McCotuvo bridge attachment, 676 
McGehee’s obturator, 742 


Mandible, depression of, 30 
effect of loss of teeth upon, 64 
elevation of, 31 
movements of, 30, 84, 191 
combination of, 35 
lateral, 33 
protrusion of, 33 
arrangement of lips in, 278° 
retraction of, 33 
Mandibular condyle, 22 
Marble dust for molding, 475 
Mastication, 57 
coordinating mechanism of, 57 
effect of loss of teeth on, 60 
function of molar and bicuspid teeth 
in, 59 
of mucin in, 59 
of ruge in, 59 
of saliva in, 59 
of teeth as tactile organs in, 59 
of tongue in, 59 
movements of the mandible in, 57 
stress of, 53 
Maves heating furnace, 536 
Maxille, effect of loss of teeth upon, 62 
resorption of, 63 
Mechanical requirements of artificial 
teeth, 227 
Median line bite-plates, 161 
guides to marking, 161 
Meniscus, 23 
Mercury, presence of, in rubber, 699 
Metal base dentures, casting methods for, 


casts, 520 
impression, 520 
metals, 510 
Metallic plates, annealing of metals 
used for, 492 
swaged, 489 
Metals for casting dentures, 510 
aluminum,’518, 525 
gold, 534 
Reese’s alloy, 510 
Watt’s metal, 510 
Weston metal, 510 
for dies and counter-dies, 467, 488, 
489, 503 
for swaged metal plate, 491, 505 
plate, for swaged metallic plates, 
thickness of, 491 
with vulcanite attachments, 
rimming of, 453 
Mitchell obturator, 740 
Model, preparation of, for molding, 477 
removing, from mold, 480 
undercut, securing molds from, 483 
wax, for casting gold, 537 
Modeling compound, 97 
advantages of, for taking im- 
pressions, 97 
and plaster for impression, 126 
softening of, for taking impres- 
sions, 97 
use of, 96 
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Modeling compound, Williams’ formula 
for, 105 
Models for cleft-palate correction, 725 
Molars and bicuspids, effect upon con- 
sonants of loss of, 72 
lower, inclining forward, preparation 
of, for crowns, 604 
preparation of, for crowns, ap- 
pliances used in, 601 
for full gold crown, 601 
teeth, artificial, articulation of, 
240 
cusps of, determination of, 
243 
positions of, 245 
selection of, 228. 
Molding bench, 24, 470 
equipment, 470 
sand, 475 
care of, 475 
preparation of, 475 
requisites of, 475 
tools for, 470 
Molds, fractured, repairing of, 481 
making, 479 
Monson articulator, 176, 178 
Mounting teeth directly over ridge, 
230 
Mouth, effect of loss of teeth upon, 78 


examination of, preliminary to inser- | 


tion of artificial teeth, 81 
expressive movements of, 73 
favorable for plate retention, 208 
ideal contours of, 276 
unfavorable for plate 

208 
with tissues of varying resistance, 

treatment of, 214 

Mucous membrane of lips, display of 
equal amount of, 283 
support for plate dentures, 203 
Muscle trimming, 125 
Muscles, depressor anguli oris, 76 
labii inferioris, 76 
digastric, 29 
of expression, 73 
action of, 75 
external pterygoid, 27 
genio-hyoid, 29: 
internal pterygoid, 27 
levator anguli oris, 75 
labii inferioris, aleeque nasi, 
6 


retention, 


superioris alaeque nasi, 75 
masseter, 27 
omo-hyoid, 29 
operating mandible, 27 
orbicularis oris, 74, 
platysma myoides, 76 
risorius, 76. 
sterno-hyoid, 29 
temporal, 27 
thyro- hyoid, 29 
zygomaticus major, 76 

minor, 76 
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ad 

Naso-LaBIAL fold, 80 

Natural teeth, retention or extraction of, 
88 


use of, upon vulcanite base, 450 
Ney surveyor, 325 
Ney-Oro golds for casting, 535 
Non-conductivity of vulcanite, cause of 
irritation, 699 


O 


OBTURATOR attached to denture, 733 
Obturators, 711, 714 
base-plate for, 726 
Case’s, 715, 748 
clasp attachment for, 730 
construction details, 726 
Delabarre’s, 711 
extensions for, 733 
hinge of, mode of action of, 740 
no value upon, 741 
Kingsley’s, 711, 745 
McGehee’s, 742 
materials for, 711 
metals, 711 
Mitchell’s, 740 
Ottolengui’s, 715, 739, 751 
rubber, 711 
_ Suersen’s, 728, 738 
types of, 712 
velum, 711 
difference i in mode of action of, 
11 
vulcanization of, 735 
Occlusal plane guide, 158 
planes, 308 
rests for retainers, 357 
forms of, 358 
half loop, 361 
position and choice, 379 
Occlusion, balanced, 243 
of bicuspids and molars, 41 
centric, by the Gysi gothic arch 
tracing, 193, 195 
of incisors, 40 
laws of, Hanau, 245 
position of, in taking the bite, 149 
securing relationship of jaw in posi- 
tion of, 150 
of teeth, 39 
Opaque white spots, imitation of, in arti- 
ficial teeth, 240 
Orbicularis oris muscle, 74 
Ottolengut’ : velum obturator, 715, 739, 
1 


construction of, 751 
Overbite, 307 
and cusp length, relation bots 
40, 45 
Overhanging ridge, securing molds from 
model with, 481 
by means of cores, 483 


INDEX 


_ Oxyphosphate of zinc for setting crowns, 
640 


syringe for, 640 


P 


PackinG the rubber in vulcanite work, 
414, 426 
Palatal mechanism, 712 
vault, lack of much change in, after 
loss of teeth, 63 
Park pinless teeth, 231 . 
Partial dentures, 87, 269, 312 
articulation, 387 
attachments, 319 
bite-plates for, 170 
casting, 538 
definition of, 312 
designing, 374 
division of, 316 
engineering principles, 315 
factor chart, 378 
gold, 491 
impressions, 379, 382, 384 
intermaxillary balance in, 371 
periodic examination, 390 
practice of, 371 
records in, 372 
preliminary examination, 372 
records, 372 
retainers, 320 
clasps, 322 
adhesion, 344 
one-arm, 343 
three-arm, 322, 324, 
342 
two-arm, 322, 324 
inlays, 350 
non-precision, 321, 345 
precision, 321 
Roach, 344 
simple and compound di- 
rect, 320 
retention, 313, 320 
direct, 313, 320 
indirect, 313, 320 
service, science of, 315 
standardized parts for, 319 
study casts, 374 
support, 313 
combination root and mu- 
cosa, 313 
mucosa, 313 
root, 313 
survey for, 312 
teeth for, 320, 389 
vs. bridgework, 572, 574 
vulcanite, 449 
lower metal plate, soldering two 
-lamine of, 496 
vulcanite dentures, 449 
upper metal plates, 496 
Paterson bite-plate method, 197 
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Pathological conditions incident to the 
use of artificial dentures, 692 
Patterns for metal plates, 490 
Peeso’s pliers, 615 
Perforated roots, treatment of, prepara- 
tory to crowning, 590 
Pericemental tissues and artificial appli- 
ances, 694 ; 
Pericementum, 55 
effect of clasps on, 368 
of torque upon, 370 
Peripheral contact. of plate, accentua- 
tion of, 209 
Philtrum, 80 
relation of plate dentures to, 283 
Phonation, relation so plate denture to, 
2 


Snow on, 273 
Physiological aspects of bridgework, 647 
Pin and tube abutments, 662, 665 
crown, 661 
Plain line articulator, 173 
Plaster, accelerating the setting of, 101 
articulator, 173 
cast, pouring of, requisites in, 137 
impressions, 116 
knife, 146 
of Paris, 97, 103 
advantages of, for taking im- 
pressions, 98 
care of, 103 
chemistry of, 103 
coloring of, 98 
derivation of, 103 
impressions in, 99 
kind of, for casts, 103, 142 
for impressions, 98, 103 
mixing of, 117 
for casts, 142 
physical properties of, 103 
preparation of, 103 
retarding the setting of, 102 
setting of, 98 
self-separating, 97 
Plasticine, 140, 329, 332 
Plastine, 140 
Plate dentures, articulation of artificial 
teeth on, 205 
correctness of plate outline in, 
206 
full lower, retention of, 219 
upper, plate outline for, 207 
retention of, 206 
lower, plate outline for, 219 
retention of, 219 
by gravity, 220 
mechanical demand upon, 203 
partial building up in mouth 
containing natural teeth, 
269 
grinding teeth for, 269 
lower, retention of, 221 
swaging of, 491 
plate outline for, 221 
retention of, 220 
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Plate dentures, partial, retention of, 
adhesions in, 220 
atmospheric pressure 
in, 221 
by clasps, 221 
setling of plate of, 269 
use of plain teeth in, 269 
plate contours in, 278 | : 
rationale of method of use of, 
204 
retention of, mechanical aids to, 
205 » 


principle of, 203 
rims an aid in, 204 
support of, 203 
temporary, 269 
advantages of, 270 
mounting teeth for, 270 
upper, retention of, by adhe- 
sion, 206 
swaging metal plate for, 492 
Platinum as a base for continuous-gum 
work, 542 
use of, for base-plates, 489 bh 
Platschick on continuous-gum using tube 
teeth, 564 
Plumpers, 309 
Porcelain and platinum jacket crown, 


625 
bridgework, 690 
crown, bases for, 686 
casting of, 687 
difficulty in fitting, 687 
Peeso’s method of fitting, 


68 
bridgework and, 690 
use in, 686 : 
enlarging canal for pin of, 609 
saddles for, 688 
deep, 688 
with cast base, 629 
faced crown, 631, 634 
for bicuspids with vital 
pulps, 626 
facing crowns with, 631 
for continuous-gum work, 556 
teeth, finishing of, 238 
staining of, 2388, 301 
Porcelite, 464 
Pots for melting lead and zine, 475 
Pouring plaster cast, 142 
the die, 485 
_ bubbling of zinc in, 485 
Preparing molding sand for use, 475 
Pressure casting method, 514 
Profile, effect of loss of teeth upon, 79 
study of, 276 
Prosthesis, science in, 285 
Prothero, J. H., on clasps, 324 


Protrusion of lower jaw, arrangement of 


teeth in abnormal, 262 
of upper jaw, 265 
Pryor alloy for metal base denture, 505 
method of swaging, 505 
swaging press, 504 


INDEX 


Pterygoid column of fixed base, 18 
Pulp canals, locating, 582 
instruments for, 583 
prutrescent, 593 
sterilization of, 593 
formalin for, 593 ; 
with enlarged foramina, filling 
of, 588 


treatment of , 589 


devitalization of teeth to be crowned, = 


575, 577 
hygiene, 696 
infection, treatment of, in teeth t 
be crowned, 594 ‘oe 
removal, anesthesia for, 578 ae 
Pyrometer for judging of porcelain fusion, 
56 


Le Cron’s, 556 


R 


RapiograMs, desirability of, in pulp’ 
devitalization, 575 
Records for construction of dentures, 149 
data required, 150 

in partial denture service, 372 | 

preservation of examination, 90 
of protruded and lateral bites, 194 
Tench on, 194 | 

securing, for setting Gysi articulator, 
196 


Reese’s alloy, 510 

Reinforcing pieces for metal plates, pat- 
tern for, 491 

Relief of hard areas in mouth for pur 
poses of retention, 212 ue 

Relieving the impression, 132 


| Removable bridges, 653 


Resting bite, 30 See 
Reswaging metal plate to correct misfit, 
496 | 
Retainers. for ae dentures, choice of, 
3 it: 


classification of, 354 
' diagonal, 354 
diametric, 354 
connectors for, 356 
double stud, 349° 
indirect, 351, 355 
inlays, 350 
occlusal rests, 357 
ring and stud, 348 
Roach, 346 
Retaining abutments for removable 
bridges, 653 — 
Retention or extraction of natural teeth, 


88 
of full lower dentures, 218 
upper dentures, 206 
of full-plate dentures, 203 
of partial dentures, 87, 220 
Richards on zinc, 467 
Richmond crown, 571, 626, 633 
enlarging canal for pin of, 609 


INDEX 


“Ridge lap,’’ 228 
of artificial teeth, 
proper, 228 
Rimming swaged metal plates, 453 
advantages of, 453 
Roach embrasure clasp, 342 
retainers, 346 
Robinson’s pliers, 615, 620 
surveyor, 328 
ere correction of, in metal plate, 
96 
Root apex, locating, 597 
instruments for, 597 
filling of, for teeth to be 
crowned, 588 
removal of pulp from, in teeth 
to be crowned, 577 
fractured, treatment of, 
crowning, 591 
measuring of, for crowns, 614, 616 
perforated, treatment of, for crown- 
ing, 590 
preparation of, for crowns, 573 
Roth technic for wrought clasps, 332, 338 
half-round wire clasp, 
835 
multiple crib, 337 
Royce on shades of artificial teeth, 224 
Rubber sore mouth, 698 
treatment of, 698 
Ruge, advantage of imitation upon den- 
ture of, 274 
method of placing in vulcanite den- 
ture, 275, 412 


selection of 


canals, 


Roots, for 


S) 


“*S,” the correct formation with denture 
of, 272 
Saddle bridges, 678, 688 
cementing of, 763 
for lower jaw, 678 
grinding facings for, 682 
impression for, 679 
swaging saddle for, 680 
deep, for porcelain crowns, 688 
for porcelain crowns, 688 
Saddles, 367 
design, 375 
mucosa overload, 368 
Sandarac varnish, 137 
for coating plaster impression, 
13 


use of, 136 
Sargent’s electric warming oven for vul- 
canite work, 432, 512 
Scraper, use of, in molding, 474 
Scrapers for vulcanite work, 446 
Sectional mold technic, 500° 
Separating fluid in flasking, 512 
formula, 137 
media, 136 
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Shellac varnish for coating plaster 
impressions 137 
making of, 137 
use of, 137 
“Shut? of artificial teeth, selection of, 
228 
Sieve for molding box, 471 
Silex, liquid, use of, in vulcanite work, 
405 
Snow on proper conformation of lingual 
surface of dentures, 273 
Snow’s articulator, 183 
compensating vulcanizer, 488 
experimental work on rubber vul- 
canization, 424 
Soft rubber vela, construction of, 711 
tissues, underlying plate, treatment 
of, 213 
Soldering, autogenous, 623, 654 
clamps, 498, 551 
continuous-gum dentures, 552 
flux, 498 
metal plates, 498, 509 
clamps for, 498 
pieces of bridgework, 649 
swaged metal plate, 498 
teeth for continuous-gum denture, 
552 
Speech, 68 
Bigelow method of training, 716 
Blair on, 716 
factors of, in use of appliance for 
correcting cleft palate, 715 
portions of artificial dentures con- 
cerned with, 270 
Spence’s metal, 503 
Sprue former, 511 
Staining media, 136 
porcelain teeth, 301 
Star vulcanite flask, 429 
Steam elastic force, 441 
gauge, use of, on vulcanizer, 441 
Stearn’s velum, 745 
Stern attachment, bridge, 677 
Strength of teeth 1 in bridgework, 644 
Stress on clasps, 365 
String used for outlining gum festoon and 
plate periphery in vulcanite work, 411 
Study casts and sketches for partial ‘den- 
tures, 374 
models for cleft-palate, 721 
Suersen obturator, 728, 738 
Sulcus mento-labialis as affected by loss 
of the teeth, 78 
naso-labialis, 79 
Sulphuric acid, use of, in opening root 
canals, 600 
Supplee’s outfit for compound, 107 
Supporting abutments for removable 
bridges, 660 
Surveyors for partial dentures, 325 
Ney, 325 
Robinson, 328 


for coating impression, 136, 512. Swaged metal plates, 489 


Shellac varnish, 137 
49 


air-chamber, 495 
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Swaged metal plates for full lower | Teeth, loss of, 60 


denture, 496 
upper denture, 492 
forming the pattern for, 
490 
partial, 496 
reinforcing, 507 
reliefs in, 492 
rimming, 499 
soldering of, 498 
strengtheners, 496 
two lamine, 495 
Swaging anvil, 494 
cast dentures, 540 
full lower plate, 496 
hammer, 493 
occurrence of wrinkles in, 493 
vacuum cavity in, 495 
partial upper plate, 496 
platinum for continuous-gum den- 
ture, 542 
use of counter-die in, 489 
Sweating seams of cap crowns, 623 
Synovial sacs as lubricants of articula- 
tion, 25 
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TAGGART casting method, 519 
Taking the bite, 150, 171 
in cases requiring partial den- 
tures, 170 
closure of the mouth in, 159 
data gained in, 150 
difficulties in, 160 
for a bridge with plaster, 614 
for a full lower plate, 169 
upper plate, 168 
for gold crowns, use of plaster 
for, 614 
rationale of method of, 151 
technic of, 156 
where ne bite is to be opened, 
172 
the remaining teeth do not 
occlude, 170. — 
occlude properly, 
72 


Technic of taking full lower impression, 
1 


upper impression, 113 

Teeth, arch outline of, 37 

artificial, selection of, 293 

axes of, direction of, 46 

canine, occlusion of, 45 

classes of, 38 

functions of, 38 
contact of, in forward movement of 
mandible, 48 
continuous-gum, 549 
cusps a overhanging, function of, 


use of, in crushing food, 52 
examination of mouth preliminary 
to insertion of, 81 


cause of, 60 
effect of, upon digestion, 61 
upon incision, 60 
upon the jaws, 61 
upon mastication, 60 
lower natural, articulation of upper 
artificial teeth to, 268 
natural, 36 
cusps of, 50 
function of, 38 
necessity for extraction, 88 
reproducing, 286 
characteristics, 292 
color, 293 
variations, 289 
types of, 286 
Williams’ classification of, 286 — 
occlusion of, 39 
bicuspid and molar teeth, 41 
incisors, 39 
porcelain, imitation of wear, 300 
reformation of, 296 
staining of, 238, 301 
relative size of, 37 
surfaces of, occlusal, 36 
wear of, 53, 237 
Telescope crown, 654, 659 
cap for; inner, 654 
outer, 654 
contour for, 655 
cusp for, 655, 
material for, 654 
Temperament, 80 
a guide in selecting color for arti- 
ficial teeth, 225, 226 
Temporary dentures, bite-plates for, 170, 
269 


importance of inserting, 269 
Temporo-mandibular articulation, 20, 
184 
ligaments of, 24, 163 


Tench technic for making dies for swag- — 


ing metal plates, 499 : 
Tennis’ simplified technic for. porcelain 
dentures, 567 
Thermometer for vulcanizer, 442 
Time regulator for vulcanizer, 439, 442 
Timer, interval, 513 
Tin core for weighted vulcanite denture, 


foil, application of, to wax model of 
vulcanite plate, 410 
pattern for metal plate, 490 


use of, in forming pattern in > 


vulcanite work, 405 
Tinting and staining porcelain teeth, 
301 
Tomes, Sir John, on resorption of the 
process of mandible, 64 
Tongue, free movement to be provided 
with artificial dentures 271 
maintenance of plate denture by, 
205 
Tools for molding, 470 
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Torque, effect, of, upon pericementum, 
70 


in teeth bearing clasps, 370 
Trays, impression, 110 
for partial dentures, 384 
Trimming plaster casts, 146 
Trowels for use in molding, 471 
Truman, James, method of pulp devital- 
ization, 577 
Tube and split-pin attachment for re- 
movable bridges, 671 
for use in removable bridge- 
work, 661 ; 
of glass, use of, in molding, 441 
teeth with continuous-gum den- 
tures, 564 
Two lamine metal plates, 495 
Types of teeth, 287 


AU 
UnprErcuT model, securing mold from, 
480 


with cores, 482 
Undercuts, impressions of, 382 


V 


Vacuum casting method, 514 © 
chambers, 215 
advantages of, 215 
Burchard on use of, 215 
indications for use of, 217 
irritation caused by, 215, 698 
location of, 216 
manner of making, in metal 
plate, 491 
means of forming, in vulcanite 
plate, 217 
objections to, 215 
relation of, to speech produc- 
tion, 272 
size and shape of, 216 
swaging of, in metal plates, 495 
thickness of, 217 
means of producing, in mouth, 215 
Vanderpool on drawing and construction 
of human figure, 277 
Varnish bottle, 138 
brushes, 138 
sandarac, 137 
use of, 137 
shellac, 137 
making of, 137 
use of, 137 
Vela, construction of artificial, 711 
Velum, 711, 715 
Case’s, 715, 748 
advantages of, 749 
fitting of, 751 
forming of, 751 
Delabarre’s, 711 
functions of, 712 
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Velum, functions of, natural, 715 
Kingsley’s, 711, 745 
description of, 747 
rationale of, 748 
mold for, 736 
Ottolengui’s, 715, 739, 751 
Stearn’s, 745 
Suersen’s, 738 
Vermilion, importance of not using nitro- 
hydrochloric acid upon, 699 
non-injurious character of, 402 
not decomposable in mouth, 699 
uses of, for coloring red rubber, 
402 
Vocal cords, 67 
sound made by, 67 
Voice and speech, relation of, to artificial 
dentures, 270 
apparatus for production of, 67 
characteristics of, 67 
effect of loss of teeth upon, 68 
loudness of, 67 
pitch of, 67 
guality of, 67 
slight alteration of, by artificial den- 
ture, 270 
Vowels, 69 
Vulcanite, advantages and disadvan- 
ages of, 89, 401 
base-plate, 89, 404 
arranging teeth on, 408 
finishing of, 406 
maxillary surface of, 405 
flasking of, 404 
packing of, 406 
vulcanization of, 406 
behavior of, in vulcanizer, 425 
in combination with plates of fusible 
alloy, 452 
composition of, 344 
Day’s patent upon, 394 
dentures, additions to, 464 
construction of, 402 
base-plate in, 404 
casts for use in, 403 
double vulcanization 
method, 403 
finishing of, 416 
for partial cases, 422 
full lower, double vulcanization 
method, 421 
single vulcanization 
method, 421 
upper, single vulcanization 
method, 420 
home care of, 700 
hygienic relations of, 697 
impressions for, 94 
natural teeth in, 450 
partial lower, 449 
Dashwood’s method of 
constructing, 450 
repair of, 461 
rubber facings for, 456 
trial of, 404 
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Vulcanite, dentures Walker’s granular 
gum facing for, 456 
weighted, 456 
discovery of, 393 
expansion of, 397 
history of, 391 
lingual surfaces of teeth reproduced 
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